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of the nmlehfish &ukasnme siremsis opte 6 Mmb ibckTibib deitfdvdet ymauMings ® rhﬁbﬁa(ﬁtﬁ that of the
sol i di f isvenigtivaf thiasingla gptarmouldingshwithnut itminal eeldiines.ah substapyjal linsreaamintatrength from
per f or niess thani5gh totweors Fhﬁgt85%e@f| atea'st*mf !l@-freprreemwwr%remrém foe

f r om3$ hg;g%g';%'ems Theee mﬂ'@?‘" ! % ?eé ok %EQF‘S' s fee dg;e';
| nj ect i itho ﬁén ofa é rc ndé‘ is ro ra rom the mode
moul d n fgy'érle%ft ests %ﬁrg fpfo?trh glst {#of the test
nmoul d ernate I nj ect I on O e nol ten pO yner ee St oC

bet We@n Cyklr er@ormogc@d.slaf tha wéldaegibns sHowednd pfetdrisdefibré SAERNLKpd 181D 110 Mtk
t r appedirijettian diogtribie ardwbrinaEtoahey plbe afithegekiogreadeate)singwad effeciedimascéidangsl veth
i || bstr trecpredent innendion] th0185he appllcatlon of a periodic force in accordance with this invention the

Exanpl e Prefariedifiprasorieptatipn at the H’{S'dn‘ﬁ%ﬂ lrerr@fna'smé'r%'a W i al | as is

shown, i 195%% 'n haﬂﬁ!ﬂ tl ssu'h m tnicmfﬁi rm&ﬁ ur lZpﬁnven ion,. t:’eaéo::

bar f&s degra 318
di fferen,to fﬁﬁ,ﬁ, #,é e 'q%?)lwmn an i"(aguof tb( 160 mMm anogl Re fegrclrlslt(():)chl<e

was, in di fferent specr mens, 20% and 30% by wei ght glass fibre reinforced
pol ypropyl ene ("PROPATHENE" ex |Cl 40Exdmmle 2. Three cl asses of noul di ng
pr ocas s me&:errmtes 1i{a)@dd (mwexe rameqdw@ea ro l# af abaf tet meemmzj r@tmdu*@r m@seﬁtew

| e Efrﬂ!m Q ﬁd 0% rc y Opy ene
end gat | "E gﬂf r"t,"é""’ ?1 %‘l@ i of the
being c ? g sults are snown | lg ls measu 6 rom the
t 5L Ui t
app! b %r.a onaaof e a&aﬁ%&a E th eo.nrneamunrmsri‘iﬁsﬁfhi

vaHafod SHd tﬂﬁ%ﬂﬁ&é&tﬁdtﬁéﬁbd&ﬂéﬂﬁ@ﬁr&d ﬁ&ic&'frdirh@ withthig irfvgstioer e
det er m nedt whli baGsedn that theperaged) ténsilecmodisushefatle speiten drapared Bldctordariod vathoivs

i n Tabl ipvéntiob & ib&e38d, 68atiMeitg thezomparatiepdracioven ity aphenximatelpg%: It is 1@b@FIracularly
noted that the tensile modulus in the core of the specimen prepared in accordance with this invention is

so increased, relative to the comparative specimen, by approximately four times.

Example 3
Example 1 was repeated except that the mouldable material used was a thermotropic liquid crystal
polymer prepared from ca. 70% p-acetoxybenzoic acid and 30% by weight acetoxynaphthalic acid. Results
65 are shown in Table 2 and Figure 7 of the accompanying drawings.
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EP 0188‘120 Bl TABLE 1 5 Tensile strength (MPa) Noul di ng ' igai
26. 3

t est speci men . ; 3 mmtest specinen 10 process Th \ een Re
30% gl ass 20% gl ass 3P ¢ 188 120'B1 ‘ ml “H
fibre = N fi'bre 15 a 56.1

30. SABLE 2 5

6
52.2 67.3 20 b 25. ).
26.6 25 c 57.2 62. 2 48. 2 o

f N 2SN S s HI BEP~GP- 'S ) Eomemegialn lal 5 dpmgmpepnl
56.5 Yhese respt-s—sheow-that—thre—tensi+e St-engtror—tqtere—tntgateu

Torce 15 aceor FURRLISA Pecaeofr berore ik, SFporbin PR GO 133 Bke 3P, Ol

I n doubl e end-pat ed noul di ngs pjoduced w t hout applicatfion of a periodic
force are redufed to the weld [fne strengths of reinfofced pol ypropyl gne
(25 MPa). Procgssing igyn accordapce with pbg present inyention causes tfhe
strengfh of t 6 nmthick fibrp reinforced noul dings §o increase to tjhat

of the strengtlp_of the single ght es. A
substantial increase in strength fromless than 50%to}nore than 85% ¢f the
strength of wel d |inebfree spec|nens was 2&corded for fhe 3BF&Atd® t hi dk
noul di pgs. These | nprovenents were gai ned w t hout i ncr EQQ?fEH¥ﬁ gpyI{d
cavity force. It is appropriatg to use the term"weld ﬁ?ne strengthg' I n
relation to ddubl e end-gat ed npll di has produced w t houft application a

periodic forcq because it is clgar, both from m croradifography and frgmthe
mode of failurfe of the test speftinen, that9& he norphol ¢gy obudtidenel d
tegi orfPcontrolfs the strength of|the test specinen.) 40 x; a

m craradi ograghs of the weld repions showed a preferre (ffﬁré&g¥Feﬂ?€tion
parallel tot injection direcfion and normal to the plane of the welid
when processi Mg was ertected In accordance wth the present 1 nvention.
Wthouws the application of a periodic Epn%q i,n accordance with this

\ . . : 4 :
oot on | Bl el L lobdhfinti 4 A2 Lo QbaPost e HEh dr S Ul o6 x5 =
nor mal 1 Qg Fiem: tHb Flolbtblik dabel GefbcPADPE (FAIGIDEX GIEIBDI VL b bFosdtbtdl 160,000 ok BB Chemicals
moul ded L eHi AsplRstonRNg péiddi: foRE fldcesdaritd with eNEstedentinvéiitiod Pestitddlih tHeGRd!{ pressure
fibre 3?e@§amm§ @bout @Shdah préssordof BEMPa ace 360 MBa,irespactbelyatrso@stiildtions h&r minute.
present i nvBesultoare shewnmirdTableed. whi ch occurs during the initial nelting and
suppl ying of the conposite noul dabl e naterig' tf the nould cavity. Exanple
2 50 Exanples 1 (a) and (c) were repe EW@th a nould of a bar test
speci nen of rectangul ar cross-section of dinension 20 x 20 x 170 mm the

f eedsfbck was T‘SUWEDy WETght gl ass T1Pre rej niorced polypropyrene
(" PROPATHENE" ex Mehn Li¢hiy pe@sheet (RCI NENSTeidige! BSduINACEPARd afd the
tensile noduli Jof the secti'ons were determ ned. The results are shown}in
Figure 8 in whictrtie—deptirTsTeasured—ToT Ly he
spruegs) (at Ofmm) to the opggsite surface (jt 20 mm). ,The hatched cufve
represents 55 ghe variation of nodulus w th depth of tﬁe conparative
specisen; the | ' et ~{ h
depth of the specinen prepaqﬁﬁi n accordanceg with thissiayention. It yll
be seen that tEe averaged tensi | e nodul us of] the speci en prepared in
accorfance wi t h—this~—Aventoms—nereaseditretatire—to—the corparatt ve
SPeci men, mgs%amamébmam%nme SdIgs dtRained WikiC s 5igIk ¥ndlgited moliRtwdsNer GPa.
tensil e MDEYctESsive) rdmifval 6f e Guter NyefPSICtheRPedithep Bdvesied B caAka lcdRNRGioWi ih I3 solid
t hi s i nvesneteaticied phig which @sasiydiziledsh atbirin hodd dfdracinginraensile tespoehicheexhitingd, in

appr ox nditferentiadl ecanning tiesmogra @ n@lting points at 136°C and 143°C, respectively, the latter being
indicative of extended chain crystallites; and which had a tensile modulus of up to 11 GPa. Transmission

electron micrographs of replicas from etched sectior.s demonstrated, in this core, the presence of shish-
kebab micromorphologies. :

The process of the present invention allows control of the molten, mouldable material in the mould

55 cavity such that the moulded articles prepared in accordance with this invention possess a number of
advantages not obtainable by conventional moulding processes.

Thus, it is found that, by appropriate control of the process temperature, pressure, cooling and shear
rates, the micromorphology of the resulting moulded material (and also the orientation of any filler which
may be present) will provide an anisotropic enhancement of the mechanical properties of the moulded

so article. Itis a particularly important feature of the process of this invention that, in a cross-section across the
flow, the core is highly oriented while the surface of resulting moulded article is less oriented, tougher and
more resistant to cracking or fibrillation. _

It is also found that, by using the present invention, the adverse mechanical properties associated with
the previously mentioned weld lines and produced by multiple gating can be substantially ameliorated: the

65 shearing produced by the process of the invention disturbs the weld line and restores the microstructure of
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an 9. A moulding process according to Claim 1 wherein the periodic forces applied to at least two different

'\/ such regions of the molten material are of the same frequency.

10. A moulding process according to Claim 1 wherein the periodic forces applied to at least two
different such regions of the molten material are out of phase with each other.

11. A moulding process according to Claim 1 wherein, immediately prior to solidification of the moiten,

45 mouldabie materiai, the periodic forces are applied in phase to provide auxiliary packing force to the mould
cavity.

12. Moulding apparatus which comprises a mould cavity {17); means (1) for supplying molten,
mouldable material thereto: and, interposed between the mould cavity and the supply means, means for
applying a shear force to at least a part of any molten material supplied. characterised in that the means for

s0 applying a shear force includes means (12, 13) for applying periodic forces to the molten material at at least
two different regions within the mould cavity.

13. Moulding apparatus according to Claim 12 which comprises an injection moulding apparatus.

Patentanspriiche

55
1. Formungsverfahren, welches Verfahren aufweist Zufiihren geschmolzenen formbaren Materials zu

ginem Formenhohiraum (17), Unterwerfen mindestens eines Teils des zugefiihrten geschmolzenen
Materials einer Scherkraft, Erreichen, da® das Material unter Aufrechterhalten der Scherkraft aushartet,
und Ausformen des geformten Materiais, dadurch gekennzeichnet, daB das zugefihrte geschmolzene
so Material der Scherkraft dadurch ausgesetzt wird, da eine periodische Kraft auf jede von mehreren
Bereichen des geschmolzenen Materials ausgeiibt wird, wobei ein Unterschied bei den periodischen
Kraften vorliegt, die auf mindestens zwei unterschiedliche derartiye Bereiche ausgelbt werden (Gber
14,15}, um eine Scherung des geschmolzenen Materials zwischen zumindest diesen beiden Bereichen zu

bewirken.

65 2. Formungsverfahren nach Anspruch 1, bei dem das formbare Materiai ein Polymermaterial enthalt.
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4an 9. A moulding process according to Claim 1 wherein the periodic forces applled to at least two d:fferent

; such regions of the molten material are of the same frequency.

\./_ 10. A mouldmg process according to Claim 1 wherein the periodic forces apphed to at Ieast two

different such regions of the moiten material are out of phase with each other.
11. A moulding process according to Claim 1 wherein, immediately prior to solidification of the moilten,
45 mouldabie material, the periodic forces are apphed in phase to provide auxmary packing force to the mould
cavity.
12. Moulding apparatus which comprises a mould cavity {(17); means (1} for supplying moiten,
mouldable material thereto: and, interposed between the mould cavity and the supply means, means for
applying a shear forceto at least a part of any molten material supplied. characterised in that the means for
applying a shear force includes means (12, 13) for applying periodic forces to the molten material at at least

two different regions within the mould cavity.
13. Moulding apparatus according to Claim 12 which comprises an injection moulding apparatus.

50

Patentanspriiche

55 : .
1. Formungsverfahren, welches Verfahren aufweist ZufGhren geschmolzenen formbaren Materials zu

einem Formenhohlraum (17), Unterwerfen mindestens eines Teils des zugeflihrten geschmolzenen
" Materials einer Scherkraft, Erreichen, dal das Material unter Aufrechterhalten der Scherkraft aushértet,
und Ausformen des geformten Materiais, dadurch gekennzeichnet, daR das zugefiihrte geschmolzene
Material der Scherkraft dadurch ausgesetzt wird, daR eine periodische Kraft auf jede von mehreren
Bereichen des geschmolzenen Materials ausgelGbt wird, wobei ein Unterschied bei den periodischen
Kraften vorliegt, die auf mindestens zwei unterschiedliche derartige Bereiche ausgelbt werden {Gber
14,15), um eine Scherung des geschmolzenen Materials zwischen zumindest diesen beiden Berexchen zu

bewirken.
2. Formungsverfahren nach Anspruch 1, bei dem das formbare Materiai ein Polymermatenal enthalt.

60

65

B |



his Sheet Has Been Replaced

EP 0188120 Bl process according to CI a| m 1

noul dabl e mat HE ﬁs a polyner material . Mﬂ ﬂu Hm

according to nthe p r corrpr tic
BB 320, %

30 polyner. 4. A noul di ng process aim3 where| n the-

t her nopl ast i ¢ 3pRIrdnIRGsvEPIRAdr RS ARSpRANI2CES SbrfIdhd ﬂﬁymwmﬁm sirthof PRk anegpoa,mor
process acckdnng to any of Clains 2 to 4 wherein the polyner material
hono-\_or CopokyBdrafuhgsvedahren bécerﬁd!sprlueh 8otei \Metnhdasneermbpumrsehd)l’dﬂﬁhmpahydsmnaaumes
35 6. Roﬁmﬂfdnﬁh t.process according to Claim1 wherein the noul dabl e

nat eri al 5. s f *T°é "" ve hmsualpn £& 'a‘% éegpfa%o?r'a? ﬁgb"d gerpidas ﬁplz"meateﬁiqi efnhidomo-

pol ymer ir:h % gisf rmbare ) ':la'y U| ding
process accor nj1 rﬂcﬁ ﬂ;& s&%kr"i}stall -Polymer

therrmsettlengglpol yrrer | ng process accor
wher ei n #ghe p&l‘ﬁoﬂdhﬁgsfr@f&%ﬁ rﬁﬂphh@dldh(! Béi deRP&ds FoWerthiib @l %ﬂ\twmarﬁﬂiémﬁlenal
of the nol esthdimat eri al are of the sanme frequency. 7 This is the
repl acement shdetmibgsearfah@h@@¢tosnspruckP, G 88h2ie B ndindebtenpowvel iuntprgehiediiche Bereiche
accordi ng ESQESEDW'AG%M%&"H'S@H@GHBG'P amdecm @Pi‘%m‘"@dﬁ'ﬂbm léreguw posapibtrwerden.

material rﬁ"QdWFéF ° t9F’ Bereiche
nat er i aI g?ﬁ:ﬂesg ol Pﬁpeqlls igeubt per m}i‘el Frdm ;

accor di ng péc aennms AN aam'dé anC m@@g oY oo "em “",?,“L‘Sf den
serni Crystadrlﬂenwm@ Mrea{e Hifts-veédibRUngikia el aDE20686nS accorof ng tO any ®of "dai

2 to 4 wher ei1. Foenyigbyoitdhtuiat miti edent FoamdtboBiraudt (17QPéthef BifddhiungO(1) 2udl mdhren

t her eof m gesclunelzemen rrfmmbmeheMapUblyrrm Sdies®5 und  2gischén nderh diFognegmhobiesitn  und  der

accoydi Mufeplar'mtqngmawvm emé"rﬂsmuaa-b\rre em%hﬁratafnayf gunhindast einen Aeil irgendeines

o ef gen,g °PoMEEP s F"Gr'ra'c’*!ﬁ dig| Einrichtung zum

Comr i 5es! gk mgé‘f EaflormEni ae,::; s g
ai m 223m D RAch TAnSbru&t) ble-die Shriddih TL P QAHET - 40

9. A moul di ng rocess accor dl ng to d al m e per| 0 orces
appl i ed t dexendicatiens t \wo di fferent such regions of t he nol t en rrat erial are
of the sane fir Pigu&saCde. moulage, ce procééicBmipfenbifitda fajphitueedend matidre imdutdbts fondue  une
18/ 07/ 97 cavité (17) de moule: la soumission d’au moins une partie de la matiére fondue fournie aux effets d’une
0 force de cisaillement: la réalisation de la solidification de la matiére tout en maintenant la force de
cisaillement; et le démoulage de la matiére moulée, procédé caractérisé en ce que la matiere moulée
fournie est soumise aux effets de la force de cisaillement par application d’une force périodique a chacune
de plusieurs régions de la matiére fondue, une différence existant dans les forces périodiques appliquées 3
au moins deux régions différentes de ce genre (par (‘intermédiaire de 14, 15), cette différence étant
35 efficacement capable de proviequer un cisaillement de la matiére fondue au moins entre ies deux telies
régions.
| 2. Procédé de moulage seion la revendication 1, dans lequel la matiére moulable est constituée par, ou

comprend, une matiére polymere.
3. Procédé de moulage selon la revendication 2, dans lequel la matiére polymére est constituée par, ou

40 comprend, un polymére thermoplastique.
4. Procédé de moulage selon la revendication 3, dans lequel le polymére thermoplastique est constitué

~ par, ou comprend, un polymére semi-cristallin.
5. Procédé de moulage selon 'une quelconque des revendications 2 & 4, dans lequel la matiére
polymeére est une homopolyoléfine ou une copolyoléfine, ou un de leurs mélanges avec un ou plusieurs
45 autres polymeéres.
6. Procédé de moulage selon la revendication 1, dans lequel la matiére moulable comporte une charge.
7. Procédé de moulage selon la revendication 2, dans lequel la matiére polymeére est constituée par, ou

comprend, un polymére & propriétés de cristaux liquides.
8. Procédé de moulage selon la revendication 2, dans lequel la matiére polymére est constituée par, ou

50 comprend, un polymére thermodurcissable.

9. Procédé de moulage selon la revendication 1, dans lequel les forces périodiques appliquées sur au
moins deux telles régions différentes de la- matiére fondue ont la méme fréquence.

10. Procédé de moulage selon la revendication 1, dans lequel les forces périodiques appliquées & au
moins deux telles régions différentes de la matiére fondue sont déphasées I'une par rapport & l'autre.

55 11. Pracédé de moulage selon la revendication 1 dans lequel, immédiatement avant la solidification de
la matiére moulable fondue, les forces périodiques sont appliquées en phase pour exercer une force de
compactage auxiliaire sur la cavité du moule.

12. Appareil de moulage qui comprend une cavité (17) de moule; un moyen ou dispositif {1) pour
I'alimenter en de ia matiére moulable fondue; et, interposé entre la cavité du moule et le dispositif

60 d'alimentation, un moyen moyen pour appliquer une force de cisaillement sur une partie au moins de la
matiére fondue éventuellement fournie, appareil caractérisé en ce que le moyen ou dispositif pour
appliquer une force de cisaillement comprend des organes (12, 13} destinés a appliquer a la matiére fondue
des forces périodiques en au moins deux régions différentes au sein de la cavité du moule.

13. Appareil de moulage selon la revendication 12, qui est constitué par, ou comprend, un appareil de

65 moulage par injection.



