- e3e-)-""#D%I@V) 6) T)~' 4 AUG 2004 METHOD FOR | NJECTI ON- MOLDI NG OF RESI N

. BACKGROUND OF THE | NVENTI ON RELATED ART The present invention relates to a

met hod for 5 injection-nolding of resin, such as thernotropic | "quiAiG 2
crystalline polymer (herein below "liquid crystalline polymer”). In nore

detail, the present invention provides anqinjection-nolding '
multi-cavity nold system wherein the nolten resin exhibits gam rm m,mm’m ”””ﬁm
flowability and the 10 waste resin' can be reduced. Therefore, e

productivity of nolded articles can be inproved and the cost can b¥f%duced

by the present inv,g‘rgj-gfn?%@FﬁNj@eJl%ﬁqmbdﬁmgiqP Fﬁéegtlﬁs to an

i njection-nolding Sys i's used for the ne present

i nvention a h t~knvention. PRIOR ARTS A |iquid
crystall i ne"%%ﬁs}ﬂgﬂgilirféﬁ%%% INVERTQN' Ty and good f1owability in
nol t en phasaezl%\ﬁm?&meﬁcel | ent nol dability because of less flash and

war page 20 nol di ng process conpared to the ot her

t her nopl astic resins. _Accordi ngl consunption of .the ]iqui rystal Ljpe
pol ymers has been incr@é?i rﬂj? eﬁﬂe'.f‘?’gl 40B¢ reqq@ctte% cldang g’r@é o ikbp
devi ces. and .preci sion chines, .high-tech deyices suych as_persopal,. .
conput et s ar Jﬁﬁk)'i‘?%'rfgﬂﬂﬁﬂﬁesbf 'ge§'ﬂ'BU§u 4% \E\'&?\f@??P%@(Eolmg'qapid
expansi on of cons tion _and application are the Ijquid crystalline
resins now fcdé/esq@gﬁg‘eﬂi tPé’ﬂyi the%%‘ﬁrrﬁéf‘ nogéb?ﬂ”y Wi ﬁﬂuégperc@hﬁﬁ%léﬂ??ng
pl astics such as PPS (polrﬁphenryl ene, 5 sulfide resin), but also with.d
gener al - pur RRY BRE heer ihgNAT&s 19 8Ly &sPEBF & hoI PR 1R Provides
terepht hal ate) .and pol yam des. Accordi ngly,, market requi.res cqst-reduction
even for thé Pdl@&l?b%gtg‘ B l"bﬁ&hf’aul"étlar?/sméﬂl'“'ﬁ Vd&YyWé’ﬂg) SY7dCMer e
is great demand for further 10 inprovenent on noldabi|ity of said resin. In
terms of inp¥BergdNptBaucreliay gsﬂheﬂ‘ doits &?/Qaalfl‘?W@bdéﬂt))'mﬂr?sq %?i ous
attenpts have been carried out fromboth of the materjal and gr ce,sts pQi nts
of viel® FronPshe RABENi @ANpBient egtucedy, tBETEfaRE! thYDERELE 1N t¥aPint
Application Laid en No. 8573311984 dj scl oses, that productivity in

ext rusi on mﬂ"@i'ﬁ&%f arfigled ceast abPei nkNpEPYRS s altth H86 nfP§eCB) B ng
smal | amount of liquid cr}/]st al I'i ne conmpound havi ng_| ow nol ecul ar wei ght

(1 ess than T60DYCeRerkYothien BEBSEINSn, INVAAHON Pafaithed. AbPRi cRE$®BRNtai d
Open No. 252457/ 1991 di scl oses: a technology to inprove flowability of a
i qui d crystifiM&mid ool Kehert etgy t&dcﬁ“ﬂg'%}rﬁﬁ%%}nﬁﬂlﬁ dgig oBY§IAED 0W¥Wﬁhcﬂs
primary nmononer conponent is p-hydroxy benzoic acid. However, the forner
resin conprikseg fré tb@ mel&gp@gmbrth@i BRE S€EHPd ONE M9 Ns IRoNd uRstralsIl €
nmeterin ~ ~ ,~uc 2~~ 3 behavior in the nolding process due to thernal
deconptBi ti ahsaddfyad hevpreisemt i1aN@Md9ncause short shot. Therefore, said
resin is not suitable for nolding an article used in el ectronic conponents
or the like RRIERNAR R 5 di nensional stability is required. In addition,
said nol ded product may invite warpage and blister when subjected to reflow
sol dering, a recently Pobaludd soyséaihgeprcdysrer dxhihbits 190 date rngd

nol ded articles of the latter resin may be thermal deconposable due to the
heat unst abl staliloty ganer goadd fhew atlt i tyui itabne lten tHeasef |aos- walderisng
process. That is, although the approaches fromthe material point of view
coul d provi dexseite nhpmulaaniljty t bgoausegaf Ve s f éashnand aw 80 due
to the high nolding tenperature of liquid crystalline polyners, and no
satisfe@ed development in molding process compared to the other

thermoplastic resins. Accordingly, consumption of the

liquid crystalline polymers has been increasing in the fields

of electric and electronic devices and precision machin'es,

high-tech devices such as personal computers and mobile
25 phones.
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15-result has yet achieved. Fromthe process point of view, for exanple

+ Japanese Patent Application Laid Open No. 3177611994 discl oses a=nktMi&d28ior
i njection-nmolding of resin using a nold having plurality of cavities
characterized in that the 20 dianeter of the respective entrance runners
and/or gates are different. Al though this,nolding nethod can provide
slightly inproved weld strength to the nn?ded article, there is no
significant inprovenent on the productivity of the resin. 25 That is, no
approach fromthe process point of view ~ ~ d~I|1G 2004 4 inproved the
nmol dability of the liquid crystalline polynmers significantly, Further, it
is usual in this art ﬁ-ivalwoeY%ropt Pr‘f'ieze ?rBI gﬁrtu’ge co apﬂfjonseéﬁéﬂségnml Bf
tenperature and injegction 5 speed per . resins to ipprove prqductivity,
hovever, 1 ncalisumtpign | el eRRltatORaiSA at tAPnddd Uil deerstailine
above, there is no prior_art,

whi ch i ifi tl h ductijvit
of ol ded prEEIBSs NP PhcAACE s PAIATIo  HEy HIS oM abker fied (SRih Wibh ax

liquid 10 crystalline polyner. SUMMARY OF T | NVE he i nyentors had
carti ed out SURShs G D19 B0 o TARIEE: GHIRB! A hg TP StebBaly BRETIENS
that, in a rreth_ocg for injection-nolding of thernotropic liquid crystalline
15 pol SWEIRE nTRSIDen Pédi @lse i Wiitdet S&"tﬁ/%"i%ﬁ&ﬂ%n GReHM PRI N19 ows
into the nold through the sprue _and fills cavities bty way of runners Wi ch
are connect ddasdi¢he £aGhti as vPB hat@9 ! vhviane: yieraprhthalateri @il y
improved by using a . resin having certain nelt viscosity and a nold 20
havi ng runn@®aIWamMhdesrt ai ACGUENGHYi dRAIrkgted e AL S sCOBY-EBBHEYINY t he
resin and nold as above, flowability of the nolten resin at injection is

i ncreased a®Veheféfortdiet meohdedanPrrty shadige framn HdesHdascrygialdine
crystalline polymer is significantly inproved. In addition, it has al so
been 25 sur BQiMEINg, f odddt hdheank pisducneaty gemaBovk i fpectifofther
~,,~1 G 2004 5 nol ding nmethod can be further inproved when a nmulti-cavity
systeQ s erplpieYe MRt en micldedsilHys @ fbeahd fl@&id -t hat the productivity
of above injection-nolding nethod can be inproved further nore by adding a
certain amount of nol drs tesiresas@fagenpreyinge aricdiationyyt &fl ithe poayier
bef ore subjecting the polymer to the injection-nolding process.

Accor di ngl y)criyrsd aplidsenp ol iuedt s onv gr byl Bea tdenep hed hfeore | hjesot | 6&MFRdi ng
of resin, in which a nold conprising a sprue, one or nore runners and one
or nore 10 i tfresni bodbedf dhar aoederriald andt pao aees cpodpiseofi vhaW.ar ea
of at least part of the. runners is less than 2.0 m2, and the nelt

vi scosity off tdm rtdsd nmategial poirkr désyiewan OO0 eoasep ldhen) apeasaised at
the tenperature of 25C higher than the nelting point of the resin and the
shear tate d#ateniodppdbzatiomiaitetOpenoN e h& pf 28énO8hhistclosas that
especially effective where the nold has nultiple cavities, especially, 4 or
more cavitigroduetindtodinf ekérypsesent maohdmg orof s léguedi atrysbtatiénei ve
for injection-nmolding of a thernotropic 20 liquid crystalline polynmer. The
present i nvgnbiyan efrsr claar bpe om ges va drdihoald 6on gi sjreatli am ooindi od lofjuad
liquid crystalline polynmer conposition, wherein said conposition conprises
100 parts byemestghtimd Icoguipdbungstiagéhing pawmem odedwWadl-viepght s (bgsas
wei ght of nol d-rel ease agent. J) AUG 2004 6 The present invention
further provihdes an000) thereto. - In addition, Japanese Patent

20 Appliéation Laid Open No.252457/1991 discloses a
technology to improve flowability of a liquid crystalline
polymer by adding small amount of oligomer of which
primary monomer component is p-hydroxy benzoic acid.

However, the former resin comprising the low

25 molecular weight compound may show unstable metering



i npection-nmolding systemfor resin which is preferably used in gﬁ Fm@g@@t
i nvention, conprising an injection-nolding nmachine and a nold c ngr sing a
sprue, one or nore 5 runners and one or nore cavities characterized in that
the cross-sectional area of at |least part of the runners is less than 2.0
m2. The present invention further providgs a nold for injection-nolding
conprising a sprue, one or nore runners 19 and one or nore cavities
characterized in that at the cross sectional area of at |east part of the
runners is less than 2.0 m®. The injection-nolding systemand the nold of

t he present bigr]l'\p/enti on havi 4 or re cavities are re;‘zﬁeci ally ia usefﬁl .
BRI EF DESCRPEM &N ¢F TiLE NGERIYINE 1 ROGeS8hendbfc di%gr dRMESMehe
cavity used jn the ex rIBIe. Fi ureZiFaschemaic di agram of the nold
with 20 8 cé\ﬁ??@b"%§§d Pnaﬂdegge&%rﬁ)‘t’% YHOR ngNyeay 6fUShhisdrartagaot.

cavities. Figure é,\h;s a s,;gerrat_i c .di agram of éhe mold with 16 cavities used
in the exarr'aﬁbeg‘h $ig 3O BN r8nASs Satabhei teesmoldirgngd artigle -
Al~G ~~~4 7 1. cavity, 2: side gate, 3: opening, 4: runner, 5:sprue .

DETAI LED DESE® ®TI 0N e G NIRVERTTTENG A8dYsdi @G tBet Nékpr ek BT &il Ay g on,
inanmthod 5 for injection-nolding of resin, wherein nolten resin is
inject & fr&MNshPBaEt i shalbldhy nis e ired i ndp @ ditic bhrdvabth md AR/ ue
and fills cavities by way of runners which are connected to the cavities
via gates, PURFY St HAGANGNVEEeamARMAEecradsd- béictiednarhanes uh e et oled.
10 In the present specification and clains, runner nmeans a channel through
whi ch ol t efiefkawnsoldieshngs aetecandly heopwilart Apddghingepspress f| OB
towards fhe product parts (cavities) of the nold. Resinis filled into the
cavities thﬂg&glﬁ)thm’ feard, cdrmentdd ad tartinée sunfiethet batdesvrdeinsmshpped
product. Wen the nold has nultiple cavities, the runners divide the nolten
resin into &&h tdfetmalcadiademnpspabdeneanse t hto pathef r bmathe unsté bl of
the injection cylinder to the runner through which nolten resin flows. 20

I n inj1écti oed 0 M ees of aadgeacealnplr podtabhgi feer ithe prebiciwss sldariasg PBT,
it is believed that the cross-sectional area of whole of the runners shoul d
be nore thapramesss mihatens saialthoesghs thess appnoaah®s tfimem the
flowability of the resin is believed to decrease and causes 25 short-shot,
wherein thematériali paiot obnyiewnelogotild| pdowidéd some improvement, it

gave 'neg'ative effect in total partly due to the high molding
temperature of liquid crystalline polymers, and no satisfied
156 result has yet achieved.
From the process point of view, for example
Japanese Patent Application Laid Open No. 31776/1994
discloses a method for injection-molding of resin using a
mold having plurality of cavities characterized in that the
20 | diameter of the respective entrance runners and/dr ‘gates'
are different. |
Although this molding method can provide slightly
improved weld strength to the molded article, there is no
significant improvement on the productivity of the resin.

25 That is, no approach from the process point of view



"+~ AUG ~0~ 8 the resin. On the other hand, in injection-nDIdinﬁgif Ii&Hid
- crystalline polynmer, a nold having runners of which crosssectio MiSe S
thinner, that is 3-5 nmm2, has 5 conventionally been used. As is the case of
t he general purpose plastics, it has been generally believed that thinner
runners may cause deficiency in filling t resin into the cavities. The
present inventors have surprisingly found 10 that by neans of very thin
runners) that is, those having |l ess than 2. 0nmR2 of cross-sectional area,
the flowability of nolten resin in the nolding process is increased and

adopted this; 0, 0,ac ish resent .invention. 15
Accor di ngl y,”ﬁﬁzggg@eﬂlén‘gﬁ]‘mm I n‘%ﬂgﬁeoﬁrlrﬁpdpnﬁ%ﬁtt?glépﬁ 135 Wd“&rﬁol d
conprising a_s ne or nore runners and one or nore cavities,
characterize%'qo'ﬁuﬁ‘fﬁaﬁt&'e cross-sectional area of at |east part of the
runners is less than 2.0 and..the nelt viscogity of the resin, 20 .
neasured at the tenpergyl?gﬁe{if B dShidsea ! t MantRise tfi"ﬁbé pgq’ n?pifmt‘ﬁé
resin and at bge.shear rate of 1000 sec' ',,. s equal to or |ess than 800
poi se. The cT 9—'9&ﬁ%§|“8f‘e§asd'f°rt‘h%sr Uh‘?l@r tr?efapﬁrré‘té‘rr§bl%}" elNiesdieRan
1.6mm®2, _.nore_preferably, less than 1.3 m2. 25 Wen a nold wherejin cross
sectiondl ar® eSdet91%r resins tQ |IHBLOVE RREI LiNKGFs haweyeT t Hanfac bme
is used, flowabil.it f | tep resin decrease and causes short shot to
provi de unsa?'i%@'af&?éﬂg %f?)éd'etd'%lrhﬁ’ﬁq“é’s.a%ﬁb%eéef ective tendency as above is
significant where a nold having 2 or nore cavities, 5 especially, 4 or nore
cavities is used. The Aé\/\é’re$‘?'fgﬁbte%fapﬁé/%r dEQTdSi Grthl P EIOFa adtt, tWBiEbnner
is not limted as,long as it is enough for degassification and the resin
can flow vel§an sigayfigantya@yhpachreregactovitymelf meddest epeedbiots
more 10 than Q.2m® and nost preferably, nore than 0.5m¥Z. The reason why
the flowabi IWINQut dgrpanr tB§ ghar aGifTdsér Dy febRorS BN 5 wehda Rakinngd
runners_of which cross-sectional area is small has not yet fully described.
It is PBPesunebitalhbiewnehy@artesin of which nelt viscosity is 15 less than
800 poise is_used, the viscosit¥ of the resin may be decreased in
accor dance v HMMBRY s Fofl i e NVBANSHEQN of the nolten resin through the
runner; and because of_the increased flow speed) resistance against the
nol ten resin increasesl Bfd iN&aRfWTe, hake qawiadwiaut rextensiheastaddeshe
20 viscosity is further reduced due to the heat. According to the present
i nvention, the drjeRddearmakdingdpeo oe ssies mamdefousdnbhat| rint admeathody be
any of known shapes such as circle, semcircle, trapezoid, square) and
triangl e. TH®N ehgj@cdiontmoldingr iof ndthezmoindpied dinguimdy beydésilgned in
a conventional manner - ~ AUG 2~~ 10 based on the layout of the cavities.
The crb®s- saeelymd#r,anmeherefint meotismeceisia risnriejeciteda bl & nimjewtiocay
not be identical. Wen the areas are not identical anong the runners, the
total |engtimaaiinee flover intehetieet eotd oshreagh ofted speaid sanm tfiilds
range of the present invention is nore than 114, preferably, 113 and nore
preferably, qagitéest heywwag |ehgtuwnofertshewhicherarel tenneledelavicgthe
multiple cavities, the cross 10 sectional areas of the respective runners
may or nmay neavithesi déatgadey, ano | diabill Erygicha rofb e asilg midican t fyori reacdiv eavi ty
may or may not be identi cal

by using a . resin having certain melt viscosity and a mold

20 having runners .with certain cross-sectional érea. Th'at'is,
by employing the resin and mold as above, flowability of the
molten resin at injection is increased and therefore, the
moldability of the resin such as liquid crystalline polymer is
significantly improved. In addition, it has also been

25 surprisingly found that the productivity of above inje'ction-



Because of the thin runners, total amount of resin fed into the nold is
reduced and therefore, the 15 present invention is advantageous»fofUG 2004

| owering cost. Especially, liquid crystalline polyners are in general used
for manufacturing small-size articles and many of conventional nol ding
systens for liquid crystalline polyners h?ve relatively large part of resin
nol ded in the 20 runners when conpared with the product. The present
invention can also renove this problem That is, according to the method of
the present invention, when the nold is filled with the resin, the ratio of

the resinr i in_t S.LO ot al t.of the 25 resin..n the
cavities, rﬁ’ﬁﬁé‘?gngn'&‘ %&i@?%ﬁp?éfg‘;gg‘l%f ﬁ@%wgatw ﬁf&s@ﬁuﬂ' 'Pﬁa’dtgo
wt% nore pr r ahl h 25wt % and t preferably, less th 5
W By ad oot he SBTEIYRAoF R ohatt LR Pebn ARt oA o
above, the t f.resin.can.be 5 reduced and therefore rodyctivity of

t he nol di ng\%ﬁ'rseogoergosdi"g%g\f'é)ﬁi Pifcgrt?tq‘ﬂ/ei HhERAg N 'Inﬁo{(ﬁg‘%rg&%ﬁﬂoan\?@rﬂ i%ﬂ,
flowability.of resin is_jproved re significantly when the thod is to
br ovi de. ol BT EaGc 3T HTBEANE o or A SN Ol Bt VLN 8T W RErO L gN o1 e,
where the arm;!mt of resin fitlle%in Ene .C vitﬁ s l.ess than 1 g, and the

i mpr ovehrent "8FCFSSu@IENty 1% BPe HiogHick i CANSRNING s PAUN@ BT orP e ERF € her
the injection-npldin t hod of the present, invention is especially useful
for mol d hadtfy S£ WAL 8hRoPe) VERBEAPAH NS, INjast APr e BLEING & O URES. a
conventional nold havié{s multiple cavities and runners of which cross
sectional area is nor ®ERARIING|Ymp thenePreseMy LR¥EHS BN (MEOVEDRECt Ave
cavities may vg y W gel y. Jo the contrarily, cavities_ can be uni form%
filled by efpf E)Pﬁ’g Pe” hBlcho anehdipgestht resiRnt iBn WAIEAg @ henPhdinner
runners. According to the present invention, the nunber of the cavities may
be one or NMHENBIESPREf 8r SR W& SNPPE. MAT & H MDAKEr asrd AN Bt jods more

i ncreases, for exanple, to 8, 16 or 32 cavities, the productivity of the
presentO net KRV itk 851 $roH & 8hh £tata ctetize qum 2Uvat 1th ewero & ssles thavialg
multiple cavities is used, the | ayout of the cavities is not I[imted and
any of conv@it€dmal 3h/east Qarto@fetPeoyedingne Hunk®ss ofhane2:cBvimmds s
not limted as |ong as they can be arranged, and usually, may 5 be up to
around 100. 3@ othF ngalé YHecppyeml feehoasiorismeaued, teher|iegarthan
velocity of the injected nolten resin in the runner may be nore than -
1000m1 sec &R0 P efxe avhe n . 18e@s00t0d A $b€. tempearasuragf 5 1Cnbagher
velocity of the 10 injected nolten resin in the runner to 1000n sec or

hi gher, shothaghothe nire iti ngg pexivitt iods they riesinecardd thed ste¢édrsradagodf of
t he nol ded product nmay be inproved, especially in an article with long fl ow
di st arlde, ndr@0@spe&ially, an article nolded by means of a cavity having a
| arge flow 15 di stance/thickness ratio. In the present invention, the resin
used in the present nethedMeihodno fréihte \arssent yinveabinred swetspeapallyary

rheoneter under the condition at the tenperature
effective where the mold has multiple cavities, especially, 4

or more. cavities. The method of the present invention is
es»peci‘ally 'effecti.ve_ for injection-molding of a thermotropic

20 liquid crys‘talli.ne polymer. o |
The present invention further provides a method
for injection-molding of a liquid crystalline polymer
composition, wherein said composition comprises 100 parts
by weight of liquid crystalline polymer and 0.01-1 parts by

25 weight of mold-release agent.



of . 25C hi gher than the nelting point of the resin and at the 20 shear rate
of 1000 sec-', of equal to or less than 800 poise, preferably 1G-$QMUGp2lise,
and nore preferably 100-600 poise. Fromnoldability and flowability points
of view, 100550poise is nost preferable. If the nelt viscosity is higher

t han 800 poise, flowability of the resin gdecreases and 25 causes
insufficiently filling of the cavities to give - ~ AUG 2U04 13
unsatisfied product. As for resins exhibit the above-defined viscosity,
liquid crystalline polynmers are especially useful. W discuss bel ow on

liquid crystalline polyners, 5 which are useful for the noldi ng, nethod of
the present inventi on.-'yl"me Iqrcﬁﬁ%ingryé?&?lniih‘énpolfyﬁéé’eﬁseooric?\‘”?qﬁspr &ent

nol di ng process_pmy be of those exhi bits anisotraopic | t ase an
call ed as tﬁ@l%ﬂ?"ébi'&"ﬁl%ﬂgdsa &My iqmEesonp¥Rictt 18y ptrgzegﬁgﬂyeaseﬁ in
this field. The anisotropic nelt phase can be confirned by neans of .
convent i onalmpghgr i RERIS BNGhi NP RS ICRIN BN HdHDn AN | iystctpenamekding n
nore detail, the sanple on the Leitz's hot stage under nitrogen atnosphere
may be 15 om%PE’éBe\M R d et zMPFol P MAREISIRIN 8r CXROUPE, aoN€ Or more
40magug fication. The above-descri bed pol_)(_rrer is optically anisotropic.
That i ® thEUPASMeraRdaRdf tQF IMGHe WeMitidseshadaciesized Woghhat theht
pol arizer. Wen a sanple is optically anisotropic, the sanple transmt

pol ari zed | CHRE 2GR MHANFdarea & dtsiqast prabpPbdhE renerguisl less
crystalline polyners usgd in the present invention may include liquid
crystalli netgélwgspeMand | iquid crystalline polyam des which exhi bit

ani sotropic nelt phase. Said polyners may be consisted of 25 one or nore
mononmer units sel ect ed MeopT€BeNgr bupention fAUGhEOQP rovidessiatmeddofor
aromati c hydroxycarboxylic acids, aromatic dicarboxylic acids, aromatic

di ol s, ar omifnj&c hpdr-oRPasi Rgs Coan PIntsiing ok a®pnee, an@T i anamenscamhexy! i c
acids and the |ike, especially, fromthe group consisting of aromatic 5

di car Yékyl i @ntiaize ar ommriec af \ditse ancharacher tz éddimoxtyatr adxii & cceasds.
Exanpl es of the aromatic hydroxycarboxylic acid may include not only
aromati ¢ hy&es}yeardorykeiac aiciats |patstalpsotabifythearkonens isallegen than
substituted derivatives thereof 10 as well as ester form ng derivatives

t her eof and2nBynmél ude 4- hydr oxybenzoic acid, 2-hydroxy- 3-napht hoi c- aci d,
2- hydr oxy- 6- napht hoi ¢ acid, 2-hydroxy-7-naphthoic acid, 3 :

met hyl - 4- hydr oxybenzoilch acird e ¢ 6 ndimekdiylg 4ystreomy berd dine anibdd of the

2, 6-di met hyl - 4- hydroxy benzoi c acid, 15 2-hydroxy-5-nmethyl -6-napht hoi c

aci d, 2-hydpwmeséntenegtomaphakong dciod, MBecel ca-ifieydapaybspadialagi d,
2-chl oro 4-hydroxybenzoi c acid, 2, 3-dichloro-4-hydroxybenzoic acid,

3- br ori® 4- hydrebulbenzoi ¢ aci d, 2-hydroxy-5-chl oro-6 naphthoic acid,

2- hydroxy-7-chl or o- 6- napht hoi ¢ acid, 220 hydroxy-5, 7-di chl or o- 6- napht hoi c
aci d and 4- BRtBEFyDE SIC RieyIO dabexTHE DRAWINGS the above, 4-hydroxy
benzoi ¢ acid and 2- hydroxy-6-naphthoic acid are preferable because they
provi de polyners of whigume operisi es sot evalati g dpaigramarpfoetreasiclayity
controlled. 25 Exanples of the aromatic dicarboxylic acids may -1~ AUG
2004 15 i ncluged net thel wxampaki c di carboxylic acids but also al kyl, al koxy
or hal ogen substituted derivatives thereof as well as ester formng
derivatives thereof, @igury 2 riel @decmmmnbabi@%aahd,ophh@ Mmbederiithal i c
acid) dichloro 5 terephthalic acid, brono terephthalic acid, nethyl
terepinal i @ acavitidsmeidwd 1197 6Bt Bald Apdel Ghewing darenil o irumebds
met hoxy terephthalic acid, ethoxy terephthalic acid, isophthalic acid,

4, 4" - bi pheny il cog Ppxglsi ¢ aci d, 3, 4' -bi phenyl di carboxylic acid, 4,4"

Figure 3 is a schematic diagram of the mold with
16 cavities used in the example showing layout of runners
"and cavities.

25 Symbols



10- t er phenyl di carboxylic acid, 2,6-naphthal enedi carboxylic acid,

2, 7-napht hal enedi car boxylic acid, 1, 6naphthal enedi carboxylic aCLﬁh.AUG2NM

di phenyl et her -4, 4' di carboxylic acid, diphenoxybutane-4,4'-dicarboxylic
aci d, diphenyl ethane-4, 4'-dicarboxylic acid, diphenylether-3,3 15

di carboxylic acid and di phenyl et hane- 3, 3' 5 di carboxylic acid. Among the
above, terephthalic acid and 2,6naphthale%edicarboxy|ic acid are preferable
because they provide polyners of which properties such as nechani cal
property, heat resistance, nelting point and noldability can 20 be easily

controlled to an adequate_ level. Exanp|es of the aromati.c dio]s may include
not only aronmatic di OHS bciﬁw'ahyso ixkﬁ/'lde aplgcgfy gar h%PS@éHgsubJstiﬁLi!{'aﬁr’

derivatives .thereof as well ester form ng derivatives thereof, my include
hydroquinong;seﬁfﬁﬁo 25 hydroqui none, nethyl hydroqui none, 1-butyl

hydr oqui non - 4 |, by. [ , t hoxy hydr oqui none,
phenoxy hydi’o%&%'éﬁ‘:eﬁuﬁeég%&ﬁﬁ%ﬁlﬁwgg f@gﬁwﬁkﬂaﬂw resorcin,

4, 4" - di hydr oxybi phenyl, 4,4"-di hydr t erpheny|,, 2, 6napht hal enediol, 1

, 6- napht hal enedi ol , 2ACHapHimgl Lactng) Preseat invysatiedilfhéhyn edied |

bi s(4-hydro hengxy) et hane, 3, 3' -di hydroxybi phenyl, 3, 3'-di hydroxydi phenyl
et her g’nd Z%Pbi'é‘(lﬁpﬁwrr‘owiwﬁ’é \d ) Rt MR AN BN afoQbte hy dedyii nbhe
and 4, 4' -di hydroxybi phenyl are preferable in view of their reactivity at
the pol yneriRI9gt9d ofEQB aAR tiRdeLdi@Ramacting i dreor fese oai daprald
liquid crystalline polyner. Exanples of the aromatic hydroxyam nes, .
aromati ¢ di ARTAHEN dhen&h e mecHl boeavidiasi By way iafcr und efrsovgieh
hydr oxyam nes such as 4-am nophenol, Nmrethyl -4-am nophenol, 3-am nophenol,
3-nethyl -4 85§ ABPRHAd Koatheo. CAVIHBIR hvia G-ad@isno-rH MYEF Bx YR Hiedy| |
4-am no-4' - hydr oxydi phenyl ether, 4am no-4'-hydroxydi phenyl nethane,

4- am no- 4' hg@&TdRYDi tiHengIr oss-siet i and 14ane adpsgi aobp pheadl. sul f one;
aromati c di am nes such as 1, 4-phenyl enedi am ne, N-nethyl 20

1, 4- pHéhyl enedi ani ne, IN, Nhedli peeBgIntl sperifigedhedi andeclaims, runner

4, 4' -di am nodi phenyl sul fide (thiodianiline), 2,5-diamno toluene,

4, 4' - et hyl eM@aingnia i¢rannel thirarigidodvphenoxyoeteranes sin 4'whiahi hodietenyl
met hane (et hyl ene dianiline) and 4, 4'-diam nodi phenyl ether

(oxydi ani | i nejo el evadehtthcozmfanie saruvexyflioor actawsards dhe product

4- am nobenzoic acid, 2 - ~ AUG 2004 17 am no-6-napht hoic acid and

2- ami no- 7- n@@tBo(castties)anfl tdea enoddri \Resvesi & fidledf infhdhle quevdties
crystalline polyner used in the present invention may be the one obtained
by copol ynethzoogh hthe gates deeom éeik domdtir the tsumnelrsort® quromwice

ot her nononmer conponents to the extent that the object of the present

i nventlifon i s hapedmpaiorddet. THY hemetheonmoobkd baspanentipiey demevideésct Huef rom
the group consisting of alicyclic dicarboxylic acids, aliphatic diols,
alicyclic dirging)ens divodet tioeneraldptroreaibointid ® ach dsf thcoaities t hi ol s
and aromatic nercaptophenols. Exanples of the alicyclic dicarboxylic acids,
alicyclic diols and alSphaei angianis whe i partdérbaxablydr otekepbt haf i thaci d,
trans-1 , 4-cycl ohexanediol, cis 15 1, 4-cycrohexanediol, |

trans- 1, 4- cynjebtanedy lieidemdb, thies riinre cyitrcheghneydiotethanioén reana- 1

, 3-cycl ohexanediol, cis 1, 2-cycl ohexane diol,

trans-1, 3- cfbdwisexanedi net hanol, and |inear or branched chain aliphatic

di ol s such as ethylene glycol, 1,3-propanediol, 1,4-butanediol and.
neopergty! gl ycol , 20 ang esirgle dtoo - foo (i ¢y at iofes & hergph er BXamp e ® et he
mer capt ocar boxylic acids, aromatic dithiols and aromatic mnercaptophenol s

i ncl ude, forrryam@éeindg- prasapdHbened ca ecPB T2- MErigaH otieviwd@hthatctpei d,
2- mer capt o- 7- napht hoi ¢ aci d, benzene-1,4-dithiol, 25 benzene-1, 3-dithiol,
2, 6- napht haleesdliddéton 2 &rea oAuh ARDH f1eh 83l A_lreNshdu i ®le more

4- mer capt ophenol , 3-nercapt ophenol , 6-nercapt ophenol and 7-nercapt ophenol,

and ester fQREMGHKISULVEL MRS, t RGN -sdite didiHi (& Ge¥S #hlal& RAYATBERe

consi sting of the
flowability of the resin is believed to decrease and causes

25 short-shot, wherein the cavity is not completely filled with



5 10 above nononer conponents may include both of those give ani;gtro iC
mel t phase and those do not, depending on conponents of the pol yrek NBd2Bhe
rati o thereof, and the sequence distribution. The liquid crystalline
polymers used in the present are limted to those exhibit anisotropic nelt
phase. Exanples of the preferred liquid c%ystalline pol ymers are consists
of the foll ow ng nononer conponents; 4-hydroxybenzoic acid/

2- hydr oxy- 6- napht hoi ¢ 15 aci d copol yner; 4-hydroxybenzoic aci d/
terephthalic acid/ 4,4 dihydroxy biphenyl copol yner; 4-hydroxybenzoic acid/
terephthaliﬁ gci |.isophthalic acid/ 4,4'-dihydroxy biphenyl copolyner; 20
4- hydr oxybe 9 i S8 uy terephthalic acid/ isophthalic acid/ 4,4'-dihydroxy

bi phenyl | hydroqui none, copol y . 4- hydroxybenzoi ¢c. acid/ terephthalic, acid/
hydr oqui none copol ymsi),nZ&Q- ﬁsé%xyﬁéﬁoi% éEﬂ%Pg‘fl’P\y@r‘Ugf‘@- p chbi‘i‘ -
~ AUG 2004 19 acid!l terephthalic acid/, 4,4 -di hydroxy bipheny] copol yner;
4- hydroxybeﬁf%?gaﬁdf‘&/ péﬁw'ﬂ%xy@ GU}f‘i%ﬁTﬁYﬂq%c ‘di'imt%rse tl’f%iqp a‘EﬁQj%/S'
hydr oqui none gﬁpolyzer; 4-hydnoxybgpzoic aci&%%Z,G;naphthalene 3

di car boxyl i €8&diNe4 4 afERydrSxy WP B ynt$ ;. B18/dr BxPbenz Hids
aci d! #grephthalic acidl 2,6 naphthal ene di carboxylic acid! hydroquinone
copol yrer; @WB?W@%Q& OeRNIHSE G- nadht hal 1R aRé& ik ihe gengral-
hydr oqui none copol ynmer; 10 4-hydroxybenzoi ¢ acid! 2-hydroxy-6-napht hoic

aci d! 2, 6- nRpHPIRS @neP B £HLSoxyIti chZS dPagar ogainRlkopbeyiRyed that

4- hydr oxybenzoi c acid! terephthalic acid! 2,6 naphthal ene dicarboxylic

aci d!' hydr o§QiMRRE/ rYnNews hitR YxFarss & siafngie aeyol ipnei | linghytdveoxi®sioi c
acid! terephthalic acid! 4 am nophenol copol yner; 4-hydroxybenzoic acid!

t er epht hal i EntRitine £avitig dydr oxy bi phenyl! 4- ani nophenol copol ymer; 20

2- hydr oxy- 6- napht hoi c_acid/ terephthalic acid! 4 am nophenol copolyner;

4- hydr oxybenzoi ¢ aci diT h&r djties@nt c inyientorss hapte halugme igirghbosplind
aci d/ hydroqui nonel 4,4'-dih¥droxy

10 that by means of very thin runners, that is, those having
less than 2.0mm? of cross-sectional area, the flowability of
molten resin in the molding process is increased and
adopted this phenomenon to accomplish the present
invention.

15 Accordingly, the present method for injection-
molding of resin using a mold comprising a sprue, one or
more runners and one or more cavities, characterized in
that the cross-sectional area of at least part of the runners

_is less than 2.0mm? and the melt viscosity of the resin,

20 measured at the temperaturé of 25°C higher than the
mélﬂng point of the resin and at the shear rate of 1000 sec”

' is equal to or less than 800 poise. The cross-sectional
area of the runner may preferably be less than 1.6mm?,
more preferably, less than 1.3 mm?.

25 When a mold wherein cross sectional area of the



bi phenyl copol ynmer; 25 4-hydroxybenzoic acid! 2-hydroxy-6-naphthoic ~ ~G
2004 20 acidl terephthalic acidl 4-am nophenol copolyner; 4-hydﬂaiyﬂﬂhﬂ@ﬁc
aci dl 2-hydroxy-6-naphthoic acidl terephthalic acidl 4,4'-dihydroxy

bi phenyl | 4 am nophenol copol ynmer; 5 2-hydroxy-6-naphthoic acidl
terephthalic acidl hydroqui none copol yner ;. 2- hydr oxy- 6- napht hoi ¢ aci dl
terephthalic acid/ 4,4'-di hydroxy biphenyl” copol yner; 4-hydroxybenzoic
acid/ terephthalic acidl 10 ethylene glycol copolyner; 4-hydroxybenzoic
acidl terephthalic acid/ 4,4 dihydroxy biphenyll ethylene glycol copolyner;
4- hydr oxybenzei ¢ _aci dl _2-hydroxy- 6- ht hgi ¢_aci,dl terephthalic acidl

et hyl ene g|yW§Fﬁé%56VVh%F? by WFHvaﬁ§§VBegz@FH“acfﬁ|“?9 d?giv@%v H¥htHoi ¢

acidl terephthalic acidl 4,4 -di hydroxy, bi phenyl/ ethyl ene glycol .
copol yner. F’F‘&‘%?Pede&@ﬂpﬁ@?@@ ?qﬁi”éj cpgé‘tsa%i ﬁE'AOd%I f’gbﬁ’g eBrPYidRe
present invention.are those conprjsing 220 hydroxy-6-naphthgic acid
resi due. By ‘éﬂﬁlagﬁ{ﬁ)chahi*ﬂ"%ﬂ%{ zﬁrItP‘h'@spol érﬂ‘bcroh r%%f%ﬂve tendaency as
2-hydroxy-6-n§phthoic aciq,residu , the proggctivit for providing.the
mol ded arti cPREVEASHRIGUIHRERY Wed MALd R2KHUO14rohrepaei RgViHes,
liquid grystalline 25 polynmer, which can be nolded in the present nethod,
is not ~=+@SREEI 80Dy 422 MRt B! @By SkHSAF net hod can be enpl oyed.
For exanpl e, conventional polyester polycondensation nethod to give ester
bondi ngs among the nonbfé '@Wﬁ)bdé‘ﬁ‘t'g ‘?%thﬁe A sariomnali @feaudaf dbe
nmol ten aci dolysis nmethod 5 and slurry polynerization nmethod may be
enpl oyed. ThedRBEfenitici B8tyslignik@tthoR$s thagacesri 2bd isn 186 Ugthof®Ts
sel ected fromthe group consisting of aromatic hydroxycarboxylic acids,
aromatic di cRPI@SFIftcatiofs, andénmethe dieti®y &edhatfieWhywablyani hbs, may
aromatic 10 hydroxydi am nes, aromatic am nocarboxylic acids and the |ike
are reacted RefRAbihebs eBre bhameabekoraidge Mo ued.pneafarsil yretede t he
nononers are firstly heated to give nolten solution of the reactants and
then t h@ soltha@noiszﬁéca@d oo gt o efies atdiyt, em e e OTiBemhal step of
this 15 nethod may be carried out under vacuumto facilitate renoval of
vol atil e by-products slbie d¢aseni whicitherflosabilittheo&lnpiten resin is
pol ynmeri zation nmethod is characterized in that nononers are. reacted in a
heat exchangelMpapyetd §ivvee pud hawin gis asussdelsi bavingt aidheird. @0 wihieht her
of the nolten acidolysis nethod or the ' .
cross-sectional area is small has not yet fully described. It

is presumable that when a resin of which melt viscosity is
15 less than 800 poise is used, the viscosity of the resin may

be decreased in accordance with increase of the flow speed

of the molten resin through the runner; and because of the

increased flow speed, resistance against the moliten resin

increases and therefore, the resin will release heat and the
20 viscosHyiS'hufherreduéed due to the heat.

According to the present invention, the cross-
sectional shape of the runner is not limited and may be any
of known shapes such as circle, semicircle, trapezoid,
square, and triangle. The length of the runner is not

25 limited and may be designed in a conventional manner



slurry polynerization nmethod, the nononers havi ng hydroxyl group and/or

am no group may be prelimnary esterified with |ower aliphatic aced, AUG 2004
(preferably, in a nmanner to provide acetyl ate) before subjecting the sane
to the 25 reaction. Alternatively, the polynerization process may be -
|, AU G 2(N~~ 22 carried out under the pr gence of |ower aliphatic

anhydri de, preferably acetic anhydride. The |ower aliphatic acid may have
2-6, preferably 2-4 carbon atons, and acetic acid is nost preferable. 5 In
either of the nolten acidolysis nethod or the slurry polynerization nethod,

I i . i on. Ex I f th
catal et wiaRBH Mo b By BOTREr 1Be SBIFTRL oryan e Ti n compounds such
dialkyl tin 10 i . di_ butyl f.i id d di |t i de:
or gani ¢ L1 tant um compolie Sibs Hoqstishdln dradte. Shiiifls ' t feghdHiive
silicate and titanium al koxipl : a_ntirmn trio ig’e'_.ﬁl ka\'gi ni or,.al kal 'Mr\\e
earth net al ré"gﬂ'?ef)? U'hr%o%ﬂ'ldﬁ B EYd %u@%aé{s_n gt sE{S|I RAdERAt e, %Py e .
(o, i) i 9B oSEnan oy ISR BRA EROnE e WiakiEn T tale cieaoyEl

added to the eehcti on per 10 parts gé weilght<of t he rmporrers may be g.001-2
parts ﬁ vvei‘bf[]tt, Sr EHONEIS WALS he: SCIRSSesBRLIONB! | ATREHNS ofN ¢ ke

bal ance of heat resjf]sﬁ_]ance and nol dabi*,iqt%,, the melti nﬁ %nt (det erm ned
by means of '&19&rehttng RE&HANhJ MR BHGRsyNRfeiha ig d Rr&&aral ine
pol ynmer used jn the present inventjon i referably in the range of 250-400
C, nore prefeapddd Mo ﬁ”é?ub%r%??&:70§5£39(5 ¢the "whale Aggoltnodsthe
order to enhance the effect of the present invention, nold-rel ease agent
may be added4V€h& liquid crystalline polyner. In general, a liquid
crystalline polynmer exhibits good flowability and therefore good

rel easability 5 withodt r@l d88ilAg RBX¥HAY HBWEtIE e pGaxidesy nd&l- CéPssse
agent to the polynmer, the effects of the present invention can be enhanced
synergl@tica¢egtional argamef thanespesiive UsRBSIsdMay dUMBaY bRl he
cavities can be increased. The nol d-rel ease agent nmay be added to the 10
liquid crystidlantieapoidmdrthedenath mf graghiunAesnta ol agh neanstvimay

m xi ng machi ne, such as extruder, which is usually used in nelt kneadi ng
process. Al t&r fa@YvePYy behdemtigalel ease agent may be added to liquid
crystalline polymer pellets so that the agent adhere to the surface of 15
the pellet, and the pel B&cawag bef sU’mﬁed?\eU frennaesi nfetal oamouditngf
process. In the enbodi nent wherein the nold rel ease agent is adm xed with

t he pol yrer regioolfedpadmtobytinei gntoldpr s eraidlyced. 08n0. 5tiparefobg, weheht

of nold-rel ease agent 20 may be added to 100 parts by weight of liquid
crystaldine pregesdt. imvendiembots mead vatdrag @ouise folrd- lewsase gt st s
adhered to the surface of the polyner pellet, 0.001-0.05 parts by wei ght,
preferably, Bspecadty pdiqeidycnestmtiing pdymobdsr eireasa gemerahyube dused
per 100 parts 25 by weight of liquid crystalline polymer pellets. f #

Al 1 G 2004 24 0oThe ma i f ¢ takiey gagestmasedize t harpicéssnt @ndent manyay dfe
any of the conventional agents for nolding resin, which does not

si gni fi cant lgodgentponalat mioddimigdi ngyisdepes at uror of litdieid | qairgstalline
crystalline polynmer. 5 Exanples of such nol d-rel ease agents as above may

i ncl ude fl ugrobamizars resvesrepativs liyolangs, péaghef aldgimatmoldeidds narthe
netal salts, esters and am des thereof, higher aliphatic alcohol and esters
thereo20 anmimenwérbi ohbermml cphapacean wéthf lther opaokarctsur f Ak apiriese mgent
and 10 polyolefin wax. Among them alkaline nmetal salt such as sodi um or
pot assi um salrvemtiod ioeen edlistid) regh dlv esaht s spictibdseal ci um or barium salt,
magnesi um salt and al um num sal t

That is, according to the method of the present
invention, when the mold is filled with the resin, the ratio of
the resin remains in the runners to the total amount of the

25 resin in the cavities, runners and sprue is preferably less



of - higher aliphatic acid; esters between higher aliphatic acid and

et hyl enegl ycol , butanediol, glycerin, trimethylol 15 propane and 4 AUG 2004
pentaerythritol, especially, full esters containing no free hydroxy group;
am des between higher aliphatic acid and et hyl enedi am ne,

met hyl eri edi am nee, hexanet hyl enedi am ne, q-phenylenedianine and

pxylil enedi am ne are preferable. 20 In the present specification and
claims, higher aliphatic acid represents saturated hydrocarbon acid having
12-40 carbon atons, preferably nore than 15 carbon atons and nore

ref erably, ap,.3/ carhan . a th i al i phati

gci ds mayyi r%g%ﬁeéﬁa rti/(z,’ 2@02% dﬂlgﬁ%frlasﬁycngégg ?bglr}ne%gln%g% dz,anlgfégp:si
acid, arachigc i -~ Zaa~ 25,beheni ¢ acid and nontanic acid. The
liquid cr ystparlqafi%r{%’bplgl'y!r?esréqﬁ&rba?% Vﬁ’h@"pr esent invention may be adm xed
ith other resin co ent._and . reinfprcing agents and/or fillers of .,

¥V: brous, 5 Iarriel | ar ngg%aﬁtcﬁgéltéﬂlg rtrgleelr\f(glllérﬂgs 134 é%frttitiﬂ?y HRSREC ¥ai r
t he object of the 8Fe ent inyention.,K Exanpl es of thg%otoger resin conmponents
i ncl ude pol t§esOT pHI§edfBId, A%l FBRMRH ctee sW SR, QioINRR Ker CREL P8,

pol ycarbonat e, , pol yphenyl ene et her and dified 1 onpounds t her eof,

t her no astir@erE%?ﬁsa I‘ﬁb%rep{ﬂryes-ulpfr@rfggcb‘dl'%tﬂgrélﬁf’@r?e'déﬁé PR Bigr

i mde; therm)settir}g rezL\gs such as, phenol resin, epoxy resin and polyim de
resin. One ¢F HHARITBFANABEdMREPHE8dvay be bl ended with the Iiquid
crystalline polymner. 215 Exanpl es of the reinforcing agents andlor fillers
of fibrous, lanellar of g&r&iBle&eS td el Myl O ltét Yyl aEsreshar is
silica-alum.nna fiber, alumna fibher, carbon fiber potassiumtitanate,

whi sker, ar dMRIFDBRS & QRPsREINIHCRDHI VNI QetAi BXRFhOdl 4% kR Proyide
talc, mca, n%;r?ghi te, calcium?20 carbonate, dolomte, clay, wollastonite,
gl ass beadsMgla8d PracscthAf Y kah rindivida ali waidim 6%i bress THegNnAg. be
used solely or in conbination of the two or nore. Anong them) glass fiber

i s preflrabliye uséd edec dinde aMqyRt gebdrdsimndélesd hyanealcaiidyeisy! and
cost. 25 The reinforcing agents andlor fillers of fibrous, f ~ AUG 2Q~~
26 | amel | ar tB@arktd.cuffite Macerimpsov@Migntad@éd R duetividyi dicr ysoael i ne
pol ymer in an ampunt of 0-60wt % especially 1050wt % when the total anount
of the |iquisd9&vificrant inethd ¢eerdidofPosi ti on conprising the agents and/ or
fillers is 5 counted as 100 wt% The liquid crystalline polyner nolded
according to the presdnérihgmnt tba migjeetitnrtmeldingi xetethod ond otheore
conventional additives for exanple colorant such as dyes and pignments,

ant i oxi dant ;prefe il i nstemtionzds; espaoiadyousatfiyl faristald hagemg andr
surface active agent. The manner to add the above-described additives, i.e.
ot her *®si neofponeapse cigdlnf dr dmmagencaanties. f Whears arconkerstioaalhe
liquid crystalline polynmer nolded in the present invention is not limted.
15 For examne]dl h@uiith gcrmstl tild liene oityesr andi ndonensg afgemhiandtooss -
filler, and if desired, nold-release agent and thernmal stabilizer may be
fed respect isvettyjioinalo s eaneksdi mep readiiare 2n@ mmdd ther djllomgt Bdbacusawf
conponents may be mxed prelimnarily in a m xer such as 20 Henschel m xer,
super mi xer the resp dttvdercavitiesbheay andryhendetlge rEeuthengomitriawily ,nmay
be added to the a kneadi ng machine to provide resin conposition to be

mol ded. The daneidiie ag caae hb ee wsiéd rinmi yt Hii H e dogsempyobéengnyhef mold of
conventional machines such as single screw extruder, twin 25 screw
extrudg, tdhdepredenténvBarthonyh@wierg ohet beihhke. runnerds pUG 2004 27
The nelt viscosity of the resin nolded in the present invention may vary

dependi ng of the addi tAgesrdinh b6 Widigyré eehn COPANRIYG, thed Hmm® ¢ oXgent
and/or fillers and others, and any of resin conpositions of which nelt

the cavities may be one or more and preferably 4 or more.

As the number of cavities increases, for examplé, to 8, 16
or 32 cavities, the productivity of the present method is

25 more enhanced.



5 viscosity is less than 800 poise may preferably be used in the Rrﬁ&g%
mol di ng met hod. The injection-nol ding machi ne used in the present % Fon
is not limted and may be any of conventionally used nachi nes. For exanpl e,
the clunping 10 unit of the nmachine may be either of straight-hydraulic
type (oil pressure type) or toggle type. I?e injection unit may be those
driven by screw, such as screw pre-plasticfzing type or in-line screw type,
or plunger such as plunger pre plasticizing type or single plunger type.
The direction of 15 the cylinder in the injection unit may be either
transverse or vertical,, The drjve unit .may be n onlLy..of hydraulic (o]l

b essure) type but at SSNEIEA e o av B vif T8l B Vil TeaTy e, (78
Optimal inj ?ctio con ition ntar% be det er,m ngddZO based on.the tggﬁ.of he
resin, size' B¥°H4eCi t] Tt5on! Isdf%d'1 clllﬁnr’i? sA&) ad?yt%gcrﬂ)rl‘}ﬁ Y Rérver
of the cavities. ,The nolding caondition may be as follgws: the .cylinder
terrperatureﬁ%?%tseF@rrhtH?/ %@@&Wﬁe@n%lﬂé Hé‘lmsr‘?d Béiﬂ?eo‘f‘ai’h@eﬁeé§nn8ﬁd
mel ting point + 80C nﬁée prefeibably, 25 between the neltin po'lnt + 10C
and the nel ﬂi"ﬂbtep‘giﬁﬁ ng-as_th&y XN 2B es@Er aNe fpl AN atlyr e MY
preferably be between 20C and 150C. In order to control the |inear speed of
the noften P&UP toha8rAMNE nP®onditi on, especially, injection speed of 5
the resin nay be adjusted so that the desired speed is obtained. The
condition may be sel eA@e0pdiRE b7 the PERFANANE SN @d 1RriRe!diRgerthe
becomes thinner, the nore |linear speed increases. The |inear speed may al so
vary dependil i} 8h VBdOGittoaft{nef Inhacted Moltemheesdndéd pheduatrner
obtai ned by the present invention are preferably parts of known electric
and el ect rof@YdeRBceB1®Fe pridanri oh0BOMBYS &ticirAg cBRRERTBPLY. r el 209
tact switches, coil bobbins, volune parts, notor parts such as comutators
and separ at df&Y008IMEY/ sp@rt z By &diugtangr sthed limearpyemeity of the

i njection-nolding systemfor resin conprising an injection-nolding machine
and a bl d ¢6h?)6?%dng’l(h|t§@r nesiané éherpuanammer $ 0ARMenEs € abrieigher,
cavities, characterized in that the cross-sectional area of at |east 20
part of theshurHesfiats ires§illieg ZTavithesi sn@ysobw t hedudrdr #d ol edde
present invention. The system having 4 or nore cavities is preferable. The
mol d for i njsécen@thneifdimg o ldesd o P et sy e pmiproysd oe sag eidiliner s
and one or nore 25 cavities) characterized in that the cross-sectional area
of at ~ jir AN Griicke 2witbasongarfiow distanoaer more | espacialle, oanme
is also within the range of the present invention. The nold having 4 or
nmore caviti eticlermfcdidehd e b yEXABRUES 50Th@ neakoly flhavingea i argel dioyy of
resin of the present invention is described bel ow by way of exanples. The
presernt5 i nvalisteande/thackhiass edtio. t hose exanpl es. Box type cavity (1)
shown in Figure 1 conprising side gate(2) was used. Three types of runners
(4) having 10 cross-sdat itdral paeean tofind emtip,n, 1. hreraadnOud exhi2in the

present method have an melt viscosity, measured with
capillary rheometer under the condition at the temperature
of 25°C higher than the melting point of the resin and at the.
20 shear raté of 1000 sec™', of equal to or less than 800 poise,
preferably 10-800 poise, and more preferably 100-600 poise.
From moldability and flowability points of view, 100-
550poise is most preferable. If the melt viscosity is higher
than 800 poise, flowability of the resin decreases and

25 causes insufficiently filling of the cavities to give



respectively were used to construct nolds having 8 cavities (Fig. Zh%gg&%16
cavities (Fig. 3). The size of the cavity (1 ) used in this exanpﬁe
follows: inner dinension=15nm x 10nm x 10nm 15 wal | thi ckness 0. 15nm si de
gate = 0.3mm x 0.4nm square Thernotropic liquid crystalline polyners (LCP-1
and LCP-2, see below) and the ot her resinﬁ were subjected to

i njection-nolding using injection-nolding ﬁhchlne (PS40 20 SVSE, N SSEf
Plastic Industrial Co., Ltd.; Cunping force: 40tonf) and the above nol d.
The injection-nolding was carried out under the condition, i.e. cylinder

t enper at ur e, enmperature,. and injection speed, shown bel ow. The

obt ai ned nnﬂﬂéﬁag”ﬁﬂggtpwagLévhluated 25 according to the criteria shown

below. I n case where t | ~t1 G 200@213{0 satl fied cE) duc was obt.ai ned,
Uhe shor test ol ding 281 BPUde Rt SH AL HeuPPe e e ehiled WS ehp b
bel ow. LCP_iI hydr ox &33 nzoic CI d/_ 2- hydrox ; fil ht hoi.c, acidl 5

or epht hal 1 41 a1 G CTR TR e BsIS AR PP Sd P oStk | ne polyrer

conposition conprisin 0 % of s fiber meltin C, nelt
U otost ty: 380p0i se) e A S&Wﬂréﬁjﬁé‘hz%n F'&’SH'(SFI oSBT RR & GRTHETS.C
acid c~ opolynerlzed i quid crystalllne ol ymer conp05|t|on 10 conpri sing
30wt % 01 gl HBiehpare (HﬁISterlmg BbI hpne 2 dip@ tMAtOQA | ey: toso BHE Nt
PA46: Pol yani de (rreltl ng point: 290C, nelt viscosity: could not be neasured
si nce the pridd®&1ti@ébonposed at 25C higher than its melting point)
(Stanyl T"" TS250F6; 15 Japan Synthetic Rubber Co., Ltd.) PAG66:
Pol yani de(nel ti ng poi nt Ae2B0G T drsiry sépdbisd 10 ymes H§|3§b}m(ﬁé6na@ﬁéﬁ3
Asahi Kasei Corporation) PBT: Pol ybutyl ene terephthalate (nmelting point:
225C, nelt VN&LE&N Gy ProssspolMy be(RmunekTthossre xIpipifsi @s'tusfg:,tre@lczo
Ltd.} PPS: Pol y{)henyl eene sulfide (nelti n% point: 285C, nelt viscosity:
3500 poi se) MEo tpdi"rﬁmlﬁdm @ ypHasa s cdNesmeoteopjc M Teypéabinee 25
Cylinder tenperature '~4 AUG 2~~ 31 LCP-1: 350C LCP-2: 330C PA46: 310C
PAG6: P35C PPymMezsbg Hrs: sBilbedvart imetiksy dietd LCP-1: 50C LCP-2: 50C 10
PA46: 60C PA66: 60C PBT: 60C PPS: 130C Evaluation Criteria 15 O All
cavities were filled cbhgl @&rdisptpopigaimeshdariasBotcan : beheaninated: byl ash
was occurred - ~ AUG 200; 32 Table 1

means of conventional polarized ' light system wusing

orthogonal light polarizer. In more detail, the sample on

the Leitz's hot stage under nitrogen atmosphere may be
15 observed with Leitz's polarization microscope at 40-

magunification. The above-described polymer is optically

anisotropic. That is, the polymer transmits light when

observed under orthogonal light polarizer. When a sample

is optically anisotropic, the sample transmit polarized light
20 eVeh under static state.

Examples of the liquid crystalline polymers used
in the present invention may include liquid cr);stalline
polyesters and liquid crystalline polyamides which exhibit
anisotropic melt phase. Said polymers may be consisted of

25 one or more monomer units selected from the group



Eval uation noldin c cle; sec.cavities81 6runner cross-sectional Earea

(nmmR) 2. 51. 50. 82.51. 50. 8resin conposition in453321342314t he runnérk ANE 204 C
P- 10017} 9.2)(Q(8.5)DO(12)Q(11)L C P - 20(16)(8.7)((8.0)DO(11)(10).N P
A4 6 (18) 12) D~ D x. P A6 6(Q(20) DDDxxP B TO (20) DxpxxPPS ~Q( 21) OxpDx
The results shown in table 1 support the fact that the nmethod for '
injection-nolding of resin of the present invention can be carried out in
short molding cycle with a 5 nold having nultiple cavities, and therefore,
the productivity of the nolding process is inproved. In addition, because

of the thin_r I t a f r.esl s 1S, b tertal:

nol ded in tﬁé’%%ﬁi’?% rtgfanggépﬁ%ﬁﬁcé\ﬁ?hgpﬁggg%q6?2?3'(ji n§gﬁ§§bggf8’ rﬁ%élc
present method_for Jnjection-noldi in carrli i short
ol ding cychecatpaglifo i hay 4 7 P ESLE, AR dE O dfo Pam b dacie

of resin. The present, invention_attalned inproved, producti vi nd, reduced
cost for mAtPIaNTG iy A LRpsonpRe MR E AT P ERT R REHE, aipé, dMfa [HL0G
2004 33 WHAT. | S CLAI MED I? 1. A matth for injecti on.—gol di % of_ resi rg.usi ng
a mol d conpf %G ngCEPEF Y ond 8N miP& r BRRLRs SO HISTRR nof e AR ALLS
charactsr)eri zed in that .the crass 5 sectiongl. area, .of at Ieaat part of .the
runner® i s PEEETPRAYHComBSNF t he HAM A CcositiP!8f t R Tesi RTABEALUS ed
at the tenpgl{g}ure of 25C f]igher,c}han the melting point of the resin and at
the shear r&Y&EAXMOBOPLY1C 36!I9®ss than 800 poise 10 2. The nethod of
claiml1 , wherein the ratio of the length of at |east part of the runpers
where the cross secti (?[?&@"h‘?'@dsi%?lt&% R 3LIG rtQ?&‘Pn%”?xﬁélyé"F eAgth of
the runners isl [4 or nore.3. Thenethod of claim lor 2, wherein the cross-15
sectional afea¥f RREIHENAG i IVeHittAREI6 sl re X VigRRRe XY Gfa €IS nb $ér
2,wherein the cross-sectjonal areaof the runner is |essthanl.3 me. 5. The
met hod of afyS8ndlky!cedkpyL arahalpigan uhstidstes d&fiyadineesthereess
than 1 g. 20 6. The nmethod of any one of clains 1-4, wherein the ratio of
the afdlnt & r 48 H 128 cASIArt HOrMIHEr JeH iatdvest atharBeht dndr eB1EY
filled in the cavities, runners and sprue is less than. 50 wt% 7. The

met hod of amfChndeoft-QIyA X 1be N ZMic @G i he -Py A Xy hdsnapbthedeeacid,
cavities. - ~ AUG 2004 34 8. The met hod of any one of clains 1-4, wherein
the linear Zpddd Xy He-mdpPtdh aigsiatid, oks hiyl iaey r{irm@p hdhaiigj 8&iden3rs
1000mm sec or higher. 9. The nmethod of any one of clains _1-4) wherein the 5
resin is a thethitrbhydroyyibenzgseal |ine @tigher. 10. Ihe-abnedh Vdfr4cl ai m
9, wherein the thernotropic liquid crystalline fol ymer conprises )

2- hydr oxy- 6-meptaxpbenae i rasidiue £ i mehbikr4 Joygoayt benzotaeamdthod

of claim9, wherein 100 parts by 10 wei ght of the thernotropic Iicwid
cryst d18 i ne 2pdIydhied Xy s5 amird brad -Gi-nie ph 0oaia. paids Dyhwergny -6Fmethoxy-

mol d-rel ease agent before injection. 12. The nethod of claim9, wherein 100
parts , by Weinghphbhhoitez abd r dhich larquidd ik e vy biemez it yawid . pa-cél orare 15
adm xed with 0.001 -0.05 parts by weight of the noldrel ease agent before

i nj ection sé-thadrexgbagaei adherds 2,3-tdHehdar badehyfd ey penizstis. acid,

3-bromo-4-hydroxybenzoic acid, 2-hydroxy-5-chloro-6-
naphthoic acid, 2-hydroxy-7-chloro-6-naphthoic acid, 2-

20' .hydroxy-5,7-dich|oro-6-naphthoic acid and 4-hydroxy-4"-
biphenyl carboxylic acid. Among the above, 4-hydroxy
benzoic acid and 2-hydroxy-6-naphthoic acid are preferable
because they provide polymers. of which properties and
melting point can be easily controlled.

25 Examples of the aromatic dicarboxylic acids may



13. The nmethod of claim9, wherein thernotropic liquid crystalline polyner
is a polynmer conposition 20 conprises 1-50 wt % of reinforcing aggriucaguds or
fillers. 14. An injection-nolding systemfor resins conprising an

i njection-nolding machine and a nold conprising a sprue, one or nore
runners and one or nmore cavities, characterzed in that the cross-sectional
area of at least 25 1/4 of the whole length of the runners is |ess than

2. 0mMme. ~ AtlI G 244 35 15. The system of claim 14, wherein the nold
conprises 4 or nore cavities. 16. The systemof claim 14 or 15, which is

q i - . : . . L ; q
e T FES L8 TRELIN o RIS’ 1A HBLGNITE 4 FOF  Abaq TERSY S
th h t 0 R . DOJ.SE. .

one of ol ai kel B hABGen, SubSItRE JEPNERISE S, bhe B B MR RS e

I . 18. T t laim 17, i th t i liqui
(F:)?yg'[rzirl i ne e[%tf%erss%/f(s)q rﬁﬂ%lﬁ)&cgr@é ﬁgéstlﬁg%sgﬂgﬂ?ﬁgsﬁapﬁ% ﬁgji (r:o I(?1(:yd Irgrg%:ﬂ'ﬂj%eas a

t...19.. Th yst f claiml17 in 100. ts,.b i ght
of"the. t nor RAL PRIt Tigur B9t P RIAEST s TerRndliTRfic o986 iBh.YEy’

i ght of | d I ait,. 2Q. Th t f.claim17, . i
Uhermotd opi dSPERUTH El5e: affifle pdi AR | & e BR R Meompaeith on EEHWIsi ng
1-50 wt % of i nf i t d/ fill . 21, l.d f .
oot on-mdPaeRd A MBs: na ostor ety fe: teRE RN i For caPiner SUMH one
or nore cavities, characterized in that the cross-sectional area OI at
Peast 1 /4 SETERNMIBNE | AGidr of MEHD I Khnet 6T PO NEIRIIEharR ol hrmeethXyThe

| d of claim21, whicgch 4 . ) itjes. 23. The | d of .clai
21 or 22 wieRbntNala REIG: SRl UiE HE Bohg. o H5DAPREN Y AR RV HE

i ity, d at the t t f 25C high than, th | ti i nt
of the resi M@ at the Atk RBEBYIAIAB0BOXIAIC, |5 | €a8idhan 800 bdl'Se.
24. The nold of any one of clains 21-23, wherein the resinis a .

t her mot® opi daTPAR Ay FH (R P Kb ol yaerd. 25 2 Fird #Nah 81 © Blesl inarh o wKkiCe n
the thernotropic liquid ¢rystalline polynmer conprises 2-hydroxy-6-naphthoic
aci d resi du@@s.a nonorer’ 3RRBAPENGAEdIcarboxyliguc 2008 Bk 26. The Grol d

of claim 24, wherein 100 parts by weight of the thernptropic liquid
crystal | i ne NaPR4AAtER 8 IR OVYLIE parts 3§idwi ght HiRheBydether-4,4"-

dicarboxylic acid, diphenoxybutane-4,4’-dicarboxylic acid,

diphenylethane-4,4'-dicarboxy|ic acid, diphenylether-3,3'-
15 dicarboxylic acid and diphenylethane-3,3'-dicarboxylic acid.

Among the above, terephthalic acid and 2,6-

naphthalenedicarboxylic acid are preferable because they

provide polymers of which properties such as mechanical

property, heat resistance, melting point and moldability can
20 be easily vcontroHed to an adequate level.

Examples of the aromatic diols may include not
only aromatic diols but also alkyl, alkoxy or halogen
substituted derivatives thereof as well ester forming
derivatives thereof, may include hydroquinone, chloro

25 hydroquinone, methyl hydroquinone, 1-butyl hydroquinone,



rel ease agent. 27. The nold of claim24, wherein thernotropic |iquid

* crystalline polyner is a polynmer conposition conprising 1-50 V"t-%I,ORUG 2004
rei nforcing agent and/or fillers.

A AaL AlLA AH A A@Aa. A LA LA A A A A@ASY. A

AAAANOA2 AAN. A2 A@A AADAAD.A 44 2.A(,. AE . AUE1 4P\q & ( W

D¥a| wr mhc”Y] ca] ca] ca] ca] ca]ca]ca]caljc aU]c

aJ ca] ca] ca]ca] c: a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa]ca! Hd

w, fj UWAr ; ye

G oa] b PEAREFL RLarheR ERlAEL <Ml R) 2ol o4t 67l ] M 6Rlsse) o2l ©
L] oul ex] X!aA yeroguif RhEe ddsFleEakeaninr b3l e Aol A et TR ER L
T el ca oa] o4 AN AL PR R e D cay et ey R SN AR BN L e bR K176

2?72n222303f 3

s 0 21 a%’@?%@%?é?fSg,?%}f-?ﬁgapggfggngﬂ Ol & TaNBR LN RLF BRI caj ca
o N I S s R Rl Sl hieis PiRLA DY B5PXNRNS REXYRIEANS ca) ca
I SRR IR e N o A e Ty LS LT LS ot S
oo ol ol bl e kgt o] e ke
ol sl ol alslealen sl iRl elralédlenlen -

ffINF. wr mhc] X] ] calU] cal.ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] cal.ca] ca

ca]l ca]gcc:;g\a]ggg{%&ﬂ o] &B a}b’é]rgﬂ%éi}’éea\] ‘%ﬁ éb}%lﬂ@!}{]%%if@%m , PJOCLSS] a"]g Jhe] ]

i si#[]] kFkxkkkl @I, ni n2me <rBrKrNr|rrsttt' u{vqgl gb cal] cal ca] ca] cal] ca

ca] ca]"@laU] c&fHaaptas L@gngﬁ?cﬁ]i’éﬁ] '!”'ﬁﬁpéﬁ] US]Uég?Eg}’]ég%bél‘]SaP]@j}’&? a] ]ca] ]c

a] ca] ca! ' uuuvvwwwwwwwwwx >yt yt z[ zx{6| ||}, }/}"acl ot {vqgl gb] X] ] ca] ca] ca] ca] ca] ca

} cal] ca] ca] ca] ca] c" a] Eq2ARIGTa] @] caltbg] capsgreatiq) cat]b‘éd‘é&]ad'ﬁ} *8Pea] ca
cajca]cal T) bFwe , _ ) , ) )

Ef " 9&Zj H{ vql §5PX) Réig c &) 84) 0rg 8a] &H|AE[EQ] INEBPEA P ¥ 4] iCa] 841 €8] cH)12Y] ca]

ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! D#w', / of OR wmhc”Y] ]] ca] cal ca] ca

] ca] ca] ca] caNehy g8] @apsaptid duy @6 s peajrapcaped] Gt vdned taned] Mrcal ¢

a] ca] ca] ca] ca! RYmp9M : O _ ' '

1Y xsni d_zU] @aqe&la%aqﬁmap@d]%apéa] ca] carea g rhEdg ba] ca] cdime@hddrda) ca)

ca] c*a] ca] c*a] ca] ca] ca] ca] c*a] ca] c*a] cal ! $XQTI E, : =~0258% } xsni d_Z] ca] ca] ca]

ca] ca]l®a] cajedajrapéegeal ca] ca] cabcaet) eal capedttdlcal ca] ca]4=d BHN@I4 a] ca]

cal ca] ca] ca] ca] ca! Z- OF0- 8% } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca raxydj rhprg)lca] chizam)iog]-dat Bipe apky icd) @ayta] cthenfH 4-

10%8 & ()-S 10% & ()-Sy10% & ()-s10% & () -

vy  10%s/ s/ & @mdvedddsrey djouxdipheow ik ()-f Imeth&ne.f M 10%4-amisnnA's () -

S!T10% & ()-!5yt$10% /& ()- aB7t!'10% & ()- 3t!10% & ()-yls!10% & () -

,yY) $10% & (Ohyd@yyblph@mg/l& ylfide and 4,4'-diaminobiphenyl sulfone;
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h& ()-!S3s!10% h h& ()- @10% h& ()-'3%0% h& ()-![' 3940% h{ h& () - %r10%

figt g) -, cdef wapuslned! &$1A%H/ Ny l&$dd¥anddine, 10%@&4()d @mlAbidiptlenokd h

ethane, 4,4'-diaminodiphenyl methane (methylene dianiline)
and 4,4'-diaminodiphenyl ether (oxydianiline); and aromatic

25 amino carboxylic acid such as 4-aminobenzoic acid, 2-
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e liqu ystalling’ polymer used in“the present

10

15

20

25

invention may be the one obtained by copolymerizing the
above described monomer units with one or more other
monomer components to the extent that the object of the
present invention is not impaired. The other monomer
component may be selected from the group consisting of
alicyclic dicarboxylic acids, aliphatic diols, alicyclic diols,
aromatic mercaptocarboxylic acids, aromatic dithiols and
aromatic mercaptophenols.

Examples of the alicyclic dicarboxylic acids,
ali'cyclic diols and aliphatic diols may include
hexahydrotelephthalic acid, trans-1,4-cyclohexanediol, cis-
1,4-cycrohexanediol, trans-1,4-cyclohexanedimethanol, cis-
1,4-cyclohexane dimethanol, trans-1,3-cyclohexanediol, cis-
1,2-cyclohexane diol, trans-1,3-cyclohexanedimethanol, and
linear or branched chain aliphatic diols such as ethylene
glycol, 1,3-propanediol, 1,4-butanediol and neopentylglycol,
and ester forming derivatives thereof.

'Examples of the mercaptocarboxylic acids,
aromatic dithiols and aromatic mercaptophenols include, for
example, 4-mercaptobenzoic acid, 2-mercapto-6-naphthoic
acid, 2-mercapto-7-naphthoic acid, benzene-1,4-dithiol,

benzene-1,3-dithiol, 2,6-naphthalane-dithiol, 2,7-
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components of the polymer and the ratio thereof, and the

sequence distribution. The liquid crystalline polymers used
in the present are limited to those exhibit anisotropic melt

10 phase.

Examples of the preferred liquid crystalline
polymers are consists of the following monomer
components; |

4-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic

15 acid copolymer;

4-hydroxybenzoic acid/ terephthalic acid/ 4,4'-
dihydroxy biphenyl copolymer;

4-hydroxybenzoic acid/ terephthalic acid/
isophthalic acid/ 4,4'-dihydroxy biphenyl copolymer;

20 4-hydroxybenzoic acid/ terephthalic acid/
isophthalic acid/ 4,4‘-dihydr6xy biphenyl/ hydroquinone
copolymer;

4-hydroxybenzoic acid/ terephthalic acid/
hydroquinone copolymer; |

25 4-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic
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Pf‘sf)lotz@?%ﬁjy@?ﬁ%r}@%ﬂ%é /a/c/ig‘l/(g,'4'$i%ﬂqtt)4§'a(r)o'xy biphenyl copolymer;
4-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic
acid/ terephthalic acid/ hydroquinone copolymer;
4-hydroxybenzoic acid/ 2,6-naphthalene
5 dicarboxylic acid/ 4‘,4‘-dihydroxy biphenyl copolymer;
4-hydroxybenzoic acid/ terephthalic acid/ 2,6-
naphthalene dicarboxylic acid/ hydroquinone copolymer,;
4-hydroxybenzoic acid/ 2,6-naphthalene
dicarboxylic acid/ hydroquinone copolymer; |
10 4-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic
acid/ 2,6-naphthalene dicarboxylic acid/ hydroquinone
copolymer;
4-hydroxybenzoic acid/ terephthalic acid/ 2,6-
naphthalene dicarboxylic acid/ hydroquinone/ 4,4'-dihydroxy
15 biphenyl copolymer,;
4-hydroxybenzoic acid/ terephthalic acid/ 4-
aminophenol copolymer;
4-hydroxybenzoic acid/ terephthalic acid/ 4,4'-
dihydroxy biphenyl/ 4-aminophenol copolymer; |
20 2-hydroxy-6-naphthoic acid/ terephthalic acid/ 4-
aminophenol copolymer,;
4-hydroxybenzoic acid/ terephthalic acid/ 2,6-
naphthalene dicarboxylic acid/ hydroquinone/ 4,4'-dihydroxy
biphenyl copolymer;
25 4-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic
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aminophenol copolymer;
5 2-hydroxy-6-naphthoic acid/ terephthalic acid/
hydroquinone copolymer;
2-hydroxy-6-naphthoic acid/ terephthalic acid/
4,4'-dihydroxy biphenyl copolymer;
4-hydroxybenzoic acid/ terephthalic acid/
10 ethylene glycol copolymer;
4-hydroxybenzoic acid/ terephthalic acid/ 4,4'-
dihydroxy biphenyl/ ethylene glycol copolymer;
4-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic
acid/ terephthalic acid/ ethylene glycol copolymer;

15 4-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic
acid/ terephthalic acid/ 4,4'-dihydroxy biphenyl/ ethylene
glycol copolymer.

Preferred examples of liquid crystalline polymers
used in 'the‘_ present invention are those comprising 2-

20 hydroxy-6-naphthoic a}cid residue. By employing liquid
crystalline polymer having 2-hydroxy-6-naphthoic acid
residue, the productivity for providing the molded articles
can be further improved.

The method for preparing the liquid crystalline

25 polymer, which can be molded in the present method, is not
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example, conventional polyester polycondensation method
to give ester bondings among t‘he monomer components in
the above combination such as molten acidolysis method

5 and slurry polymerization method may be employed.

The molten acidolysis method is characterized in
that monomers selected from the group consisting of
aromatic hydroxycarboxylic acids, aromati_c dicarboxylic
acids, aromatic diols, aromatic hydroxyamines, aromatic

10 hydroxydiamines, aromatic aminocarboxylic acids and the
like are reacted without the presence of heatexchange fluid.
In this method, the monomers are firstly heated to give.
molten solution of the reactants and then the solution is
reacted to give the molten polymer. The final step of this

15 method may be carried out under vacuum to facilitate
removal of volatile by-products such as acetic acid or water.

The slurry polymerization method is characterized
in that monomers are reacted in a heatexchange fluid to
give polymer as suspension in the fluid.

20 in eithér of the molten acidolyéis method or the
slurry polymerization method, the monomers having
hydroxyl group and/or amino group may be preliminary
esterified with lower aliphatic acid (preferably, in a manner
to provide acetylate) before subjecting the same to the

25 reaction. Alternatively, the polymerization process may be
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carried out under the presence of lower aliphatic anhydride,
preferably acetic anhydride. The lower aliphatic acid may
have 2-6, preferably 2-4 carbon atoms, and acetic acid is
most preferable.

5 In either of the molten acidolysis method or the
slurry polymerization method, catalysts may optionally be
added to the reaction.

Examples of the catalysts which may optionally
be used include organic tin compounds such as dialkyl tin

10 oxide (ex. dibutyl tin oxide) and diaryl tin oxide; organic
titanium compounds such as titanium dioxide, alk.oxy
titanium silicate and titanium alkoxide; antimony trioxide;
alkaline or alkaline earth metal salt of carboxylic acid such
as potassium acetate, sodium acetate and zinc acetaie; and

15 gaseous acid catalysts such as Lewis acid (ex. BF;) and
halogenated hydrogen (ex. HCI).

The amount of the catalyst added to the reaction
per 10 parts by weight of the mon.omers may be 0.001-2
parts by weight, preferably 0.01-1 parts by weight.

20 Ih ‘light of the balance of heatl resistance and
moldability, the melting point (determined by means of
differential scanning calorimetry) of the liquid crystalline
polymer used in the present invention is preferably in the
range of 250-400 °C, more preferably, in the range of 270-

25 350 °C.




10% U&' ()-f5s!10% U& ()- 3ml0% U& ()-S1F 10% U& ()- /&%$10% ,
U& ()-DcEcOcRecccFdr S1/ 15yy "10%BB&' () - @ 10%B& ()-@ 109B& () =4 AUG 200k
| Q@310%&' ()-y3109B& ()-!&10%BB& ()- 10 UFduddddkeea?1/ !5yy

"ICH" 10%=& ()-! Q 10%KBKB&' ()-"10%& ()- 109B& ()- @F109B& ()- 109B& ()-ee
ffNff.ga?1/ !5yy "!d-$10%B "B& ()- ![-$109BB& () -

+109B& ()-f) 109B& ()-f' 109B& ()-#"109B& (§-. gGgwggggggghC ! 5yy "ly 10%
U& ()-&@al0% U& ()- 10B 10B 10B, 9$109B& ()- , 710%B& ()-y5 109B& () - ghhi;

i siia?bC !15yy "1 B10% U U& ()-@s! 10% U& ()- @!10% U& () -

Hkyy" $109%UxU& () - yy! %O%r!é‘ép'to te!r%R%)nce the effect of the present

invention, mold-release agent may be added to the liquid
crystalline polymer. In general, a liquid crystalline polymer
exhibits good flowability and therefore good releasability

5 without releasing agent. However, by adding mold-release
agent to the polymer, the effects of the present invention
can be enhanced synergistically, i.e. thinner runners can be
used and the number of the cavities can be increased.

The mold-release agent may be added to the

10 liquid crystalline polymer used in the present invention by
means of a mixing machine, such as extruder, which is
usually used in melt kneadi_ng process. Alternatively, the
mold-release 'age}nt- may be added to liquid crystalline
polymer pellets so that the agent adhere to the surface of

15 the pellet, and -the pellets may be subjected for the
injection-molding process.

In the embodiment wherein the mold release
agent is admixed with the polymer, 0.001-1 part by weight,
preferably, 0.05-0.5 parts by weight qf_mo|d-release agent

20 may bé added to 100 part's by. weight of liquid crystalline
polymer. In the embodiment wherein the mold-reliease
agent is adhered to the surface of the polymer pellst,
0.001-0.05 parts by weight, preferably, 0.01-0.03 parts.by
weight of the mold-release agent may be used per 100 parts

25 by weight of liquid crystalline polymer pellets.
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The mold-release agent used in the present

invention may be any of the conventional agents for

‘molding resin, which does not significantly decompose at

the molding temperature of the liquid crystalline polymer.
Examples of such mold-release agents as above may
include fluorocarbon resins, polysiloxanes, higher aliphatic
acids and metal salts, esters and amides thereof, higher
aliphatic alcohol and esters thereof, amide of higher
aliphatic amine, fluorocarbon surface active agent and
polyolefin wax. Among them, alkaline metal salt such as

sodium or potassium salt, alkaline earth metal salt such as

- calcium or barium salt, magnesium salt and aluminum salt

of highek aiiphatic acid; esters between higher aliphatic
acid and ethyleneglycol, butanédiol, glycerin, trimethylol
propane and pentaerythritol, especially, full esters
containing no free hydroxy group; amides between higher
aliphatic acid and ethylenediamine, methylenediamine,
hexamethylenediamine, p-phenylenediamine and p-
xylllened|am|ne are preferable | |

In the present specification and clalms higher
aliphatic acid represents saturated hydrocarbon acid having
12-40 carbon atoms, preferably more than 15 carbon atoms
and more preferably, more than 17 <carbon atoms.
Examples of the higher aliphatic acids may include lauric

acid, myristic acid, paimitin acid, stearic acid, arachic acid,

10‘V
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The liquid crystalline polymers used in the
present invention may be admixed with other resin
component and reinforcing agents and/or fillers of fibrous,

5 lamellar or particulate materials as long as they do not
impair the object of the present invention.

Examples of the other resin cdmpdnents include
polyamides, polyesters, polyphenylene sulfide, polyether
ketone, polycarbonate, polyphenylene ether and modified

10  compounds thereof, thermoplastic resins such as
polysulfone, polyethersulfone and polyether imide;
thermosetting resins such as phenol resin, epoxy resin and
polyimi»de resin. One or more of those resins may be
blended with the liquid crystalline polymer.

15 Examples of the reinforcing agents and/or fillers
of fibrous, lamellar or particulate materials may incluqe
glass fiber, silica-alumina fiber, alumina fiber, carbon fiber
potassium titanate whisker, aramid borate whisker, titanium
oxide whisker, _alamido fib.er_, talc, mica, gfaphite, calcium

2b carbonate, do!omite; clay, wollastonite, glass beédé, glass
flakes, barium sulfate and titanium oxide. They may be
used solely or in combination of the two or more. Among
them, glass fiber is preferably used because of its good
balance of physical property and cost.

25 The reinforcing agents and/or fillers of fibrous,
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The quuid crystalline polymer molded according
to the present invention may be further a.dmixed with one or
more conventional additives for example colorant such as
dyes and pigments, antioxidant; thermal stabilizer; UV
absorbent; antistatic agent and surface active agent.

The manner to add the above-described additives,
i.e. other r_esin components, reinforcing agent and/or fillers
or others to the liquid crystalline polymer molided in the
present invention is not limited.

For example, liquid crystalline polymer,
reinforcing agent and/or filler, and if desired, mold-release
agent and thermal stabilizer may be fed respectively into a
kneading machine and mixed there, or those raw
components may be _mixed preliminarily in a mixer such as
Henschel mixér, éuper mixer, ribbon blende'r dr tumblef and
then, the resulting mixture may be added to the a kneading
machine to provide resin composition to be molded. The
kneading machine used in this process may be any of
conventional machines such as single screw extruder, twin

screw extruder, tandem extrude, Banbury mixer or the like.
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The melt viscosity of the resin molded in the

j-hj_

present invention may vary depending of the additives such
as other resin component, reinforcing agent and/or fillers
and others, and any o‘f resin compositions of which melt

5 viscosity is less than 800 poise may preferably be used in
the present molding method.

The injection-molding machine used in the
present invention is not limited and may be any of
convéntionally used machines. For e‘xample, the clumping

10 unit of the machine may be either of straight-hydraulic type
(oil pressure type) or toggle type. The injection unit may
be those driven by screw, such as screw pre-plasticizing
type or in-line screw type, or plunger such as plunger .pre-
plasticizing type or single plunger type. The direction of

15 the cylinder in the injection unit may be either transverse or
ve‘rtical. The drive unit may be not only of hydraulic }(oil
pressure) type but also electric motor-driven type or
combined type.

Optimal injection condition may be determined

20 based on the type of the resin, size of the injectidh—molding
machine, shape of the mold and number of the cavities.
The molding condition may be as follows: the cylinder
témperature may preferably be between the melting point of
the resin and melting point + 80°C, more preferably,

25 between the melting point + 10°C and the melting point +
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50°C; the mold temperature may preferably be between
20°C and 150°C. |

In order to 6ontrol the linear speed of the molten
resin, the molding condition, especially, injection speed of

5 the resin may be adjusted so that the desired speed is
obtained. The condition may be selected based on the
resin and mold. As the runner becomes thinner, the more
linear speed increases. The linear speed may also vary
depending on the viscosity of the resin.

10 The molded p.rodu.cts obtained by the present
invention are preferably parts of known electric and
~electronic devices or precision devices such as connectors,
'relays, tact switches, coil bobbins, volume parts, motor
parts such as commutators and separators, coils, quartz

15 oscillators and IC tips.

The injection-molding system for resin comprising
an injection-molding machine and a mold comprising a
sprue, one or more runners and one or more cavities,
characterized in that the cross-sectional area of at least

20 pért of the runners is less than 2.0 mm? is also within the
range of the present invention. The system having 4 or
more cavities is preferable.

The mold for injection-molding of resin
comprising a sprue, one or more runners and one or more

25 cavities, characterized in that the cross-sectional area of at
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least part of the runners is less than 2.0 mm? is also within
the range of the present invention. The mold having 4 or
more cavities is preferable.

EXAMPLE

The method for injection-molding of resin of the
present invention is described below by way of examples.
The present invention is not limited to those examples.

Box type cavity (1) shown in Figure 1 comprising
side gate(2) was used. Three types of runners (4) having
cross-sectional areas of 2.5mm?, 1.5mm? and 0.8 mm?
respectively were used to construct molds having 8 cavities
(Fig. 2) and 16 cavities (Fig. 3). The size of the cavity (1)
used in this example was as follows: |
inner dimension=15mm X 10mm X 10mm
wall thickness = 0.15mm
side gate = 0.3mm X 0.4mm square

Thermotropic liquid crystalline polymers (LCP-1
and LCP-2, see below) and the other resins were subjected
to injection-molding usmg injection- moldmg machine (PS40—
5VSE, NISSEI Plastic lndustrlal Co., 'Ltd.; Clumping force:
40tonf) and the above mold. The injection-molding was
carried out under the condition, i.e. cylinder temperature,
mold temperature, and injection speed, shown below.

The obtained molded product was evaluated

according to the criteria shown below. In case where a

10% UR!§ G v~
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satisfied product was obtained, the shortest molding cycle

was determined. Results are shown in table 1 below.

Resins

LCP-1: p-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic acid/
5 terephthalic acid/ hydroquinone copolymerized liquid

crystalline polymer compos”ition comprising 30 wt% of glass

fibers (melting point: 325°C, melt viscosity: 350poise)

LCP-2: p-hydroxybenzoic acid/ 2-hydroxy-6-naphthoic acid

copolymerized liquid crystalline polymer composition
10 comprising 30wt% of glass fibers (melting point: 280°C,

melt viscosity: 530 poise)

PA46: Polyamide (melting point: 290°C, melt viscosity:

could not be measured since the product decomposed at

25°C higher than its melting point) (Stanyl™ TS250F6;
15 Japan Synthetic Rubber Co., Ltd.) |

PAG66: Polyamide(melting point: 260°C, melt viscosity: 2200

poise) (Leona® FG173; Asahi Kasei Corporation)

PBT: Polybutylene terephthalate (melting point: 225°C, melt

viscosity: 3400 poise) (Duranex™ 3370; Polyplastics Co.
20 Ltd.) - - |

PPS: Polyphenylene sulfide (melting point: 285°C, melt

viscosity: 3500 poise) (Fortron™ 1140A Polyplastics Co.

Ltd.)

Molding Temperature

25 inder tempe
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LCP-1: 350°C
LCP-2: 330°C
PA46: 310°C

PA66: 285°C

PBT: 250°C

PPS: 310°C

Mold Temperature
LCP-1: 50°C
LCP-2: 50°C

PA46: 60°C

PAG66: 60°C

PBT: 60°C

PPS: 130°C

. All cavities were filled completely
: small short-shot

. short-shot

0O x b O

. flash was occurred
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Table 1
Evaluation (molding cycle: sec.)
cavities | 8 16
§ rron oy cecten@ll o5 | 15 | 08 | 25 | 15 | 08
memmenoy " 45 | o | 21 | s | 23 |
LCP—1 O7) {09.2) | OB.5) | A 0O(12) | O1)
LCP—2 O(16) | O@8.7) | O(8.0) | A O(11) | O(10)
| E|PA4E O(18) | 0(12) | A [l A X
_9' PAG66 O(20) | A A A X X
PBT 0(@20) | A x A X x
| PPS | oen | O X o la X
|

The results shown in table 1 support the fact that
the method for injection-molding of resin of the present
invention can be carried out in short molding cycle with a

5 mold having multiple cavities, and therefore, the
productivity of the molding process is improved. In addition,
because of the thin runners, the amount of waste resin, that
is, the material molded in the runners, can be reduced.
Effect of the invention

10 The present method for injection-mblding of resin
can be carried out in a short molding cycle using a mold
having multiple cavities, and can reduce waste of resin.
. The present invention attained improved productivity and
reduced cost for manufacturing electronic, electric or

15 precise parts.
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WHAT IS CLAIMED IS
1. A method for injection-molding of resin
using a mold comprising a sprue, one or more runners and
one or more cavities, characterized in that the cross-
5 sectional area of at least part of the runners is less than
2.0mm? and the melt viscosity of the resin, measured at the
temperature of 25°C higher than the melting point of the
resin and at the shear rate of 1000 sec'', is less than 800
poise
10 2. The method of claim 1, wherein the ratio of the
fength of at least part of the runners where the cross
sectional area is less than 2.0 mm? to the whole length of
the runners is 1/4 ovr more.
3. The method of claim 1 or 2, wherein the cro.ss-
15 sectional area of the runner is less than 1.6 mm?.
4, The method of claim 1 or 2, wherein the cross-
sectional area of the runner is less than 1.3 mm?.
5.. The method of any one of claims 1-4, which
provides molded products of less than 1g.
20 6. The method of any one of claims 1-4, wherein the
ratio of the amount of resin filled in the runners to the total
amount of resin filled in the cavities, runners and sprue is
fess than 50 wt%.

7. The method of any one of claims 1-4, wherein the

25 mold has 4 or more cavities.
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8. The method of any one of claims 1-4, wherein the
linear speed of the molten resin flows in the runner at
injection is 1000mm/sec or higher.

9. The method of any one of claims 1-4, wherein the

5 resin is a thermotropic liquid crystalline polymer. |

10. The method of claim 9, Awherein the thermotropic
liquid crystalline polymer comprises 2-hydroxy-6-naphthoic
acid residue as a monomer component.

11. The method of claim 9, wherein 100 parts. by

10 weight of the fhermotropic liquid crystalline polymer s
admixed with 0.001-1 parts by.weight of a mold-release
agent before injection.

12. The method of claim 9, wherein 100 parts by

} weiglht of thermotropic liquid crystalline polymer pellets are
16 admixed with 0.001-0.05 parts by weight of the mold-
release agent before injection so that the agent adheres to
the surface of the pellets.
13. The method of claim 9, wherein thermotropic
liquid crystalline polymer is a polymer composition
20 compriseé 1-50 wt % of reinforcing agent and/or fillers.
14. An injection-molding system for resins comprising
an injection-molding machine and a mold comprising a
sprue, one or more runners and one or more cavities,

characterized in that the cross-sectional area of at least

25 1/4 of the whole length of the runners is less than 2.0mm?.
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thermotropic liquid crystalline is admixed with 0.001-1 parts by weight of a mold
release agent.

15 20. The system of claim 17, wherein thermotropic liquid crystalline
polymer is a polymer composition comprising 1-50 wt% of reinforcing agent
and/or fillers.

21. A mold for injection-molding of resin comprising sprue, one or
more runners and one or more cavities, characterized in that the cross-sectional

20 area of at least 1/4 of the whole length of the runners is less than 2.0mm?.

22. The mold of claim 21, which comprises 4 or more cavities.

23.  The mold of claim 21 or 22, which is used for injection molding of
a resin of which melt viscosity, measured at the temperature of 25°C higher
than the melting point of the resin and at the shear rate of 1000 sec™, is less

25  than 800 poise.

24. The mold of any one of claims 21-23, wherein the resin is a
thermotropic liquid crystalline polymer.

25.  The mold of claim 24, wherein the thermotropic liquid crystalline
polymer comprises 2-hydroxy-6-naphthoic acid residue as a monomer

30 component.
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5  polymer is a polymer composition comprising 1-50 wt% of reinforcing agent
and/or fillers.



