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qod product rigid containers generally nust be inperneable to oxygen.
onron structural polymers 5 for rigid food containers are perneabl e
gen_whi ch invades the-food product causing degradation or sp0|l 97059
ThosE pol yners which are sufficiently i nper neapke to oxygen generally a

not suitable alone for rigid-containers for foods because they do not |
possess adequate 10 MELTleLAYER QONEPAINER  ANDeMBETHODI IGF MAKINGVSAME' are ¢
not &pproved for or are of questionable safety when used in contact with

f ood Et hyl ene nylg, ol .y ( t I bl e
mca)'?e?l al pgsggssylngyhlﬁ&oﬁgéﬁﬁggbfﬁ yd tc'o%%g%/ggﬁ \%/n é@?ﬁ% msékmég | ess
15 *perneabl e thé@RﬂﬁﬁRQﬂ#%rFPeOUMQﬂanHﬁDSquOWQOMe@ﬁnn#tmnab polymers
sensi tive. Tig om&e&i@fdlgéoar epptd e DO parfeEledy é?glgarsugfidw

t he presence of si i ca t antltles of water,  To be use
packgglng parti &8 %54 @99eﬁi§§qgﬁﬂan$+Bgl§qgﬁﬁ94%kPnE9€H5991lageo

nmust be kept drymw pﬂpheeecahiwrgtaw smfbielaﬁgn@erzt&ug&ﬁé?huet%ogda
ture barrier r ertles oods sed.in cont ai i

g?ggsﬂre cooker- rqen?éggiy 56ﬁﬂf¥ﬁbﬁ§gtgﬁﬁiﬁl?%ﬁﬂ?:ﬁkﬂeF%?l at 30

psi a steam pr essapatamerngl flor ofceidsbeumiseutheyedeb nott gpogsess adequate

Condi {1015 101! Sskicie PETHPORIELN U SUYd AUEEPALROYSIA ALy gl b0are pot

cool ing, and nust not suf ertan ter t1on o
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cont ai ners and haye equat e physi cal propertles to Survive re
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noi sture barrierhigh impermeability to oxygen when dry, many times less
15 permeable than acrylonitrile copolymers, but is very
moisture sensitive. The oxygen barrier properties of EVOH
are markedly diminished in the presence of significant
quantities of water. To be useful for food packaging,
particularly where extended shelf life is required, EVOH
20 must be kept dry as by total encapsulation within polymers'
which have good moisture barrier properties.
Many foods are processed in the container in a pressure
cooker or retort. ﬁ%ﬁ cond1t1225 commonly are 250°F.
| at 30 psia steam pressuraf A rigid container must survive
25 retort conditions. It must not permanently distort during
cooking or during cooling, and must not suffer an alter-
ation of the desirable properties of its components.
Polyolefins, particularly blends or copolymers of poly-
propylene and polyethylene, are well. suited to manufacture
30 of rigid containers and have édequate physical properties
to survive retorting. Polyolefins are relatively poor
oxygen barriers, but are relatively good moisture barriers.
. The use of polyolefins with a central core of an oxygen
barrier polymer is a desired goal of the food packaging
35 lnduStiyikkatf ,
Nehara—eﬁ—al 3,882,259 discloses a three ply plastic
bottle having a core of EVOH blended with Surlyn A brand
ionomer resin and outer plies of polyethylene blended with
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The uéé of polyolefins with a central core of an oxyden barrier polyner is i
a desired goal of the food packaging 35 I ndustry Us Patent 3,882,259 76
gi scloses a three ply plastic bottle having a core of EVOH blended with \

7Sur|yn A brand i-ononmer resin and outer plilgs of polyethylene bl ended wth
7 -2--Surlyn A The Surlyn A iononer is added
to both the EVOH and the polyethylene resin materials t0 i nprove adhesi on

bﬁt vveﬁn |a|yer$uri'9ﬁ Rot t Phel $dﬂ1h£‘ maﬂGnS bmeeéhtsumgolwvbﬁldlesem‘??ﬁgy -
the three ayer ousl Yy extrude roauce re upe.

e Lree | arEis BRE BoTYelHAURL Ve s it naled ] PIOIUER A UL SEnRLYGRI0S:
to forma seabetndennlbgbe¢.|n?héﬂbntnbédxbatnn@eﬂmaddungaextthsxdaS|red °

"bottle. Extr r o] to
formmulti-lI g?/er con a| n JB;Y; ‘f’}?écjotr:’z?%*g Egﬂr@%ure sensi ti v%gg .
barrier ‘m& eréxtruded ko Evgduqa ratthree plyckubesl Fhile swildbnhpsaves

the core *  grom ﬁk!&r%x@}{mtﬁf@ Oi‘stgﬁng?kh' o@j@t‘i{érorat ghece EVCH

15 and certalin ot barrier terials ar verse fected. by noisture,
exposure of tPREESRetp foEmM EhEehiandeinfietss rianabr%l%énqmtaﬁném

suscepti bl e tghéogﬁapg agrwug'(aggigyabyotagéu5|on of noisture. The risk
t hat the containef exterior w nt e daEp condltlomié éb torage
or transport is hE§RFESAOPLD lﬂ%iéEP é§s@ OuLa S8THOURI 45 2 _
degrade @0 sménthSeaoed forul wieYti+Papetr contialiners afaezmratdsete

nmoi sture froq&ihe Etga

moisture sensltlve barrier material such as
EVOH.
_ First, Ehg'pinch seal at the bottom leaves the core
-ply'of EVOH exposed on the bottle exterior. Since EVOH
15 and certain. other barrier materials are adversely affected
: by mozsture, exposure of the core ply at the container
bottom renders the container susceptible to loss of barrzer
quality by intrusion of moxsture. The risk that the
. container exterior will encounte: damp conditions in
20 storage or transport is high and the resulting loss of .
‘barrier quality will degrade or.spbil the food. Further,
retort conditions are such that moisture from the steam
will ‘intrude into the barrier layer through the exposed
barrier at the bottonm. : '_
25 Second, extrusion blow molding necessarily produces
scrap as a result of the'pinch sealing procedure. Since
.the scrap contains matérials from eac¢h of the three layers,
reextrusion of the scrap-is'difficult and expensive. _
.Third, the pinch seal produces a bottom of non-uni; ;
30 form thickness and strength. The sealing takes place '
'~ along a line between the abutting faces of the inner
layer material. The seal line is bordered by regions of
. relatively thick material. When stretched during blow
molding, the bottom varies in thickness in the vicinity
35 of the pinch seal. Because of the'thickngss'variatioﬁ
| due to the pinch seal, the stiffness of the bottom is not
" uniform along all diameters. Consequently, the bottom
. does not evenly respond to expansion and contraction as
the product changes in temperature. This lack of even



intrude into the ‘barrier | ayer through the exposed barrier at the. q

* 25 Second, extrusion bl ow nol di ng, necessarily produces

as a result of the pinch sealing procedure..Since the scrap contains ¢

reyi als fromeadh of the three | ayers, reextrusion of the scrap is

ditficult and expensive. Third, the pinch 8eal produces a- bottom of .

non-uni - * 30 formthickness and strength. The seal’i ng takes pl ace .

dlong a line between the abutting faces of the inner layer material. The \o*

seal line is bordspuhdy causessunpredictabdey penfidenancs i of . thehen

stretched during bl ow * nol di ng, the bottomvaries in thickness in the

vicinity 35 of dontaginesh wheth  reteetedse of the thickness variation due to

the pinch seal, the stiffness of the bottomis not uniformalong ai

di ameters. ConsequentBourtie bhet opinchssegl apdhisreatpr intexpupsion

and contraction as the product changes in tenperature. This |ack of even

- 3 - response daudde barrierthdyerper L8 Fhec dnFlde SWHFAGE ntRY GRS

~retorted. Fourth, the pinch seal nax create an interruption in the barrier
layer. |f Bhe imfierpassd Retveen rthe barrier. layer ettRRnSeAL bBrrier

| ayer at the seal, a line lacking barrier material will result. The area of

the interrupti odimg IRckingPARBLER. Retemiadt é‘{}fa}'fl'r FeHlbxygthet 8¥8Rter to

be a problem Because of these disadvantages, extrusio blom/ig nol di ng

‘cannot produce &F &he ALLEERPELR BRY GF 93y SN ERoAtEPKer havi ng

a core barrier |ayer. of
s&%ficient oxygen to enter to be a problem.

Because of these disadvantages, extrusion bléw
- 10 molding cannot produce an entirely satisfactory th;ee
layer rigid'container having a core barrier layer of
a moisture sensitive polymer such as EVOH,.particularly
where the container is intended for rétcrting. |
The present iﬂvention is coﬁcerned wiéh making
15 a plastic container by injection molding or by an
injection blow molding techniqgue which produces a
‘container whose walls are multiple plies of different
polymers. In particular, the container walis comprise
inner and outer layers of strﬁctural polymers such as
20 polyolefins. or a blend of polyolefins on either side
of a'core.layer of a polymer haviﬁg oxygeh.barrier
properties such as EVOH.
According to the present invention there is
provided a methqd 6f making a multi-layer injection

25 mblaed rigid article, including the steps comprising:
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a moi gt.ure sensitive pol yner such as EVOH, particularly where the containe
Is ™tended for retorting..The present invention is concerned w th making SQ(

18 a plastic container by injection nolding or by an injection blow noldin
t echni que whi ch produces a container whose walls are nmultiple plies of
different polyners. In particular, the cqontainer walls conprise inner and
outer layers of structural polyners such as 20 pol yolefins or a blend of
polyol efins on either side of a core |ayer of a polynmer having oxygen

barrier properties such)aseE¥ab1i8naagliing e (6 ©res e iﬂ]‘féeftieﬁ there
Is provided a method of making a nmulti-layer injection 25 nolded rigid

article, includinglaiegsheraleotpel ilesi of a £irdst HSiphérSEtpaahntbhe
exit of an injection nolding nozzle the flow of a first polynmer streamto

become the insi dsectnéathel aysidel sutFadtd ildywr tde thedVvaptialescend
pol yner streamto becone the outside 5 surface layer of the article, and

the flow of a thflowpofyaesesbndapollgingze s v i ¢S tbedehné eER8dopekY ger
streans, 2) termnating the flow of the first polynmer stream 10

3) subsequeht| ysuefacealaygrt b€ thewarftildle ! kindl i yEbowsbEeanthapd t hen
4) .subsequently termnating the flow of the second polynmer stream This
method is appl ipelyrensstréamsbetwagn ithe first and second polymer
| streams, |
2) terminating the flow of "the first polymer
stream, | |
10 3) subsequently terminating the fiow.of the third
polymer stream, and then
4) subsequently terminating the flow of the
sédond polymer stream.
This method is applicable as a first stage in
.15 the injection blow molding of ‘an article éuch as a
container. Thus, upon completion of the injection
stage, the injectioﬁ molded parison is transferred
to'a.blow molding cavity having thé éonfiguration of
the requi:ed article, whéréupon the parison is
20 inflated in the blow molding.cavity'to fofm-said
artiéle. | o . ‘
. In oné mode - of pracfising the invention,
injection of the inside.surface layef from the first
polymer stream is commenced, the injection of the
25 outside surface layer from the second polymer stream

is commenced while continuing to inject ﬁhe.first

layer, and thereafter the injection of the core layer



15 f\he injection blow mpolding of an article such as a * cont ai ner,.,
§L ,J upon conpl etion of the injection stage, the injection.molded parison
NS tfansferred to a blow nolding cavity having the configuration of the »
required article, whereupon the parison is 20 inflated in the bl ow nol ding
cavity to formsaid article. In one node=-ofS practising the invention
injection of the inside surface |layer fromthe first polynmer stream'is
commenced, the injection of the 25 outside surface |layer fromthe second g
pol ymer streamis commenced while continuing to inject the first |ayer, and
thereafter the il kemepnesdtWbider eongjiauing jkp daniret ethehfiestonrnidnui ng -
to inject the first apnd second | ayers, such that the polyner of the core '
layer is introd®ePHLtIRERTE heSHFRsthakd thee anlvner0f thet core of t he
exit of the nozzle.- 5,6 Advantageously, injection of first polyner
streamis recodié%ﬁﬁi#?H*QﬁfﬂﬁuFﬁﬁnP SWesR dhe Hlrsbvend seeondird
pol ymer stream and ultimately the flows of the first and second pol yner
streans are terrﬁattﬁﬁaé?f s‘%@ﬁ‘fﬁ%ﬂ“a?fyt Erriin&fudhe nerzle.  \wen the
met hod -according to tgﬁq;nVEntion is put .intq effect, a nolding can be |
produced whérein the CSTRTEAGRONF Y eniBISTAOR) ofh ittt PRl ENGEsEETEAM he
at nosphere. Nbrg Ve cth‘e cor ﬁ?f%be made continyous and to extend 15

e

unbr okenly acro LB Rving LR L | FEO¥x9Een

cannot the third polymer stream, and ultimately the flows of

thé first and second polymer streams are terminated
substantially simultaneously.

10 When the method acéording to the invention
is put into effect, a molding can. be produced |
wherein.ﬁhe core is wholly encapsulated and ﬁowhere
exposed to. the atmosphere. Moréover, the
cére-can be made continuous and to extend

15 unbrokenly écross the sprue point on £he'

molding, thus ensuring ongen cannot



trave(se the nolding at this point. The invention further provides an E
4Aj ection nolded or injection blow nolded nultilayer, rigid plastics _ )
agticle having an inner core |layer 5 conpl etel y encapsul ated w thin outer

| ayers, the core.layer extending continuously.and unbrokenly across a sprue
poi nt ofr the article whereat the outer surface |ayers provide conplete

i solation of the core layer fromthe outside. 10 . I nj ection bl ow
nnLglng is a process whereby a preforn(gr parison is formed by injection
molding in a .cavity. The parison is transferred to a blow nold cavity

and bl own to the shape of the desired—-eontainer. The parison can be
retained oh the core pin of the injection nold and transferred -on the core

pin to the Trhdvers®l theuméddihy athehpar poimtian be tenperature
condi tioned before bl ow nolding to achieve an optimum tenperature or

profile of tenper améemvaﬁemﬁreuﬁthe@a@ﬂwltdaﬁa@rﬁtm:geﬁeﬂéﬁol led and t-he
exterior of the parison can be tenperature conditioned contact 10 with

air or othemdlded cmcinjéetibhoblow fiolded eurlt idlayoey j nﬁ g£@ndi tions.
Orientation can be achieved as the parison is stretched durlng bl ow

mol di ng. | njpd&sthincs| amt el €i hgvingdaneinners @oxe drayerqui res no pinch
seal . 15 In practising the present invention, polyner
5 completely encapsulated within outer layers, the
core. layer extending continuously and unbrokenly
across a sprue point of the article whereat the
outer surface layers provide complete isolation of
the core layer from the outside.

10 Injection blow molding is a process whereby a

- preform or parison is formed by injection molding in a



melts for the inside and outside surface layers and the core |ayers of sthe
'c6ntainep walls are injected into a parison nol.d cavity through an

i nj ection nozzl e having separate passages for each polyner nelt arranged t8
20 lead to coaxial annular nozzle orifices/surrounding the central orifice.

e or nore additional |ayers interposed between the surface and core
% ers can also be injected to produce a container wall_ having_four or nore
I

yers. 25 CavitytheThe marism iatErapsderdiaf e idnbbews awdi or each™
l'ayer can bec'ﬁwege%gantﬂ%va{ldt&oeﬁensuauf,by OXORHH® | d €8 FOAPEBKIA] rfeill T O

over the thicknes each layer and,to .in urg that the core | ayer or :

| ayers are t5R@I PardsOihSiahike pRtaiBRd: Q. KRB BHERsOLTRBE nj ecti on
30 ol ded pﬁﬁgé%ib‘ﬁ o2 (1d CPrfisEBPred drDithd Tdrd! AR thayi 1Y
aving the shape of _the contajner and is then bl ow.mlded into the finished

contai neh. TehPYr BEFEN&G FAYI bR ng'EBP PRY 1SN &ﬂ*‘;&ttﬁ?‘PGFm oW ng
can resul t igoRidtished itlicite OpLOW hbRAIRE W a;&w#dnaﬁsobgiiiﬂﬁii eve
Clari by, teneRBeTatiti. qul Brobphe! of HemparatrRs ool TREnEoTeo Ritbep. The
resul ting pregtcbehemper@in®s ¢ontrollicdayeics tHe Caxtaireoe Wit It;m% od
W thin Che TREELEGR S8 Ho SRRbEERERra) SRR RIS PELOREPER, S noe
the. barrl@r JayRralig prolcatied fIeddnpushuthdly tlwy MoEdihg Belclirey .
Properties of 4t Ot SondtEiSns ! MCoRINATA AN | $dn BE' LN 165 oS ved:

as the parison is stretched during blow molding.

Injection blow molding produces no scrap and requires

no pinch seal. '

15 In practising the present invention, polymer
melts for the inside and outside surface layers and the
core layers of the container walls are injected into a
parison mold cavity thrbugh an injection”nozzle having
separate passages for each polymer melt arranged to

20 lead to coaxial annular nozzle orifices surrocunding
the central orifice. One or more additional layers
interposed between the surface and core layers can
also be injected to produce a container wall having
four or more layers. o '

25 The ipitiation,.rate, and termination of flow for
each layer can'be'independently.and continuously controlled
to provide control over the thickness of each layer and
to insure that the core layer or layers are totally
encapsulated between the surface layers. The injection

30 molded parison is transferred on the core pin to a
blow mold cavity having the shape of the container and
is then blow molded into the finished container. _
Temperature conditioning of the parison just prior to
blowing can result in.biaxial orientation of the various

35 polymers to achieve desirable improvements in physical
properties such as impermeability, clarity, tensile



_,1--_________
The jnvention wll now be described by way of 10 exanple with reference to
the acconpanying draw ngs, in which: Figure 1 is a schematic view in

@ 0ss-section of i nj ection bl ow nol di ng apparatus for use in practising t'h

i nvention, 15 Figure 2 is anotherééfhenatlc vi ew of the apparatus,
Figure 3 is a sinplified view of the inj I on apparatus, Figure 4 is a
schematic view illustrating the 20 control systemfor one of the injection

rams, of the mengtm 1Epautes&veﬁ:§tm,l @nd)fréﬁtesm@ﬁﬁ ei-eePe OI ht he
or e

contefz): Ogy;?%ezgeﬁﬂin i on Of tl %thae“?i {Sl?g\t%gpi}?XﬁFﬁom tion as
a function ofwhieR éftehdr mumit ﬂimatr idd thirough Uﬁtl ther edatadsieron.
Caken U Ougth L 0gCE € 904 S ok Sl SPRSLALES SHERS DA
injectiorgcycoeg, theginside andaoutsdde1sunt&cserayensof Shncenmhetlon
e, O Bt el SRR i ok B Figure
moisture barrier properties of the surface layers, '
the oxygen barrier quality is preserved.
The invention will now be described by way of
10 example with reference to the accompanying drawings,
in which: |
Figure 1 is a schematic view in cross-seotion
of injection blow molding ‘apparatus for use in
practising the invention,

15 Figure 2 is another schematic view of the
- *  apparatus, : - g | |
Figure 3 is a simplified view of the injection
apparatus, ' '

Figure 4 is a schematic view illustrating the
20 control system for one of the injection rams, of the
apparatus,
Figure 5 is a plot of the position of one of the
injection rams as a function of time,
_ Figure 6 is a flow chart for the control system
25 for the apparatus,
Figure 7 is a plot of ram position as a function
of time for three rams,
Figures 8-15 are views in cross-section taken
through the nozzle and cavity of the apparatus showing
30 the confluence of flow of the various layers at various
times during the injection cycle, |
Figure 16 is a view in cross-section of the
injection nozzle,
Figure 17 is a-view in cross-section of the
35 parison, :



fgure 19 is an enlarged view of a portion of a container wall having thyee
ayers, 5 Figure 20 is a plot of the-oxygen perneability of a

(fFier material as a function of noisture content, and Figure 21 is an 'S
énlfar ged. vi ew of a portion of a container waC\ having five |ayers. 10

e ‘machi ne shown in the drawmngs injection nolds a nmulti-layer parison
froma plurality of palyners, each separately plasticated and-fed to
separate injection rafsB8UEaEl®iis R YheY 4B cEpss-sestia athethml yners tygy

~appropriate nozgiaiheRtvntdbindwch ead to'the entrance to the injection

nold cavity. Conditions are trolled to advance the several polyner nelts
substantial |y simul tag’g@m%/i@ {"néa-‘éli%ni%ﬁs? V¥, ofoR pemtifiamiof | ow

- conditions to pacgontainer palltiavixg dthpeet Tayrays,s i n the parison. The
10 fol | ow ngedet ai | ed SCI1 RiA explains _how.the foregoing is ' '

acconpl i shed? Fi gur e ﬁ@ﬁ\ﬁsp‘?% t3 cﬂf%g ?Eeﬁ‘ﬁj QXVESR Wé%e@&i#ﬁ'df

machi ne (I BM.[efr p barrderc materiall (ds 40functishubfemodsturig ansversely

noveabl e pl ate #8 ﬁg ttheaga ally noveabl e platen 42 of the machine. Core

pin 10A i s posi Br&R* injection nold 20 while core pin 10B is

positioned in a bl ow FlgureORl \#=rap|entarfedsvienvorseadpostilon lgfta core

et on oy & SHReRERRE NS BaAEIe faphta 0P, 0 1 e
10 The machine shown in the drawings injection

molds a multi-layer parison from a plurality of
polymers, each separately plasticated and fed to
separate injection rams.. Rams of the machine force
shots of the polymers to appropriate nozzle passages

- 15 which lead to the entrance to the injection mold cavity.
Conditions are controlled to advance the several:
polymer melts substantially simultaneously in the die
cavity under non-turbulent flow conditions to preserve
the polymers as discrete layers in the parison. The
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axral,ﬁetréat of the noveabl e pl aten 42 and the plate 40 with core pins loéézy

Is traversed either left or right to the available blow nold. Figure 1

shows bl ow nol d 30A 15 ready to receive the parison and shows blow nold "~

30B containing a parison 60B. Parison 60Qeys inflated with air to assune
t he shape of blow nolding cavity 30B while parison 60A is being injected
in cavity 20. The bl ow nol ds open as the platen retreats to eject the

fiypi;shed 20 container. The plate 40 shuttles back and forth each cycle so_i

that a container is blown sinmultaneously each time a parison is injected.

Fi gure 2 shofielliawiggndesiailed desgripbion| expladns g\fawfrcnltﬁ nEPrRgPing and
i ndi cat es th?sCQEEBﬂPIEﬁﬂﬁﬂ. 25 Plasticators 82A, 82B, 82C feed threé rans

70A, 70B, 70C for three _polyner nmelts which are fed to g manifold é&ggk 75

whi ch contains sEpEREEe lpShonf 2 IRAEFHONt B8EathAl dndegilon PlRy ARlang oy

Py Al | oy pr e 33 ot e TeuT o Tee T ae T he T tse, and bl ow
ydraul i c_pr ntrol, cijrcuitry neans fo e _pr a ow ng
cycles ar@ iﬁ§36a}ga-aFepmgﬁyqﬁ#nqﬁﬂab BERSYT5§eiYnFE?%ﬁ$€@% 8300 i's
programmed t40cent the hhﬂaﬂﬂmvmdwﬁhb&éipbaﬁéﬁltﬂ:OE a&he mdchime i ndi vi dual
injection ra nd.to ng, t ntrol ] 1 \gure 3
shows one of E$ﬁ§ gf'f]r %ﬁﬂpn}}%sg’l%%f%féggéBfgo%nrrér‘SF%gigg\‘dqﬁﬁéplzyq nvéhl:':rjf) ten
pol ymer B tocerei pinciiBnis positidihed The pl biowcandd SOB. s When _
conventi onal LPRACAL- 4+l V§ kgh €SP 14t into
the cyli nder?’iﬁgéo?at Eg Fgm%%]%ﬁff%ﬁg\i"gFgé %&E%I ?Jbrq)_ols% ‘gir)li ?rgénl fold
val ve' 8580i sinpbhew ameldnd0Paand ¢erecpindlOB will be in the

injection mold 20. A parison is removed from the mold by
axial retreat of the moveable platen 42 and the plate 40
‘with core pins 10 is traversed either left or right to
' the available blow mold. Figure 1 shows blow mold 30A
15 ready to receive the parison and shows blow mold 30B
containing a parison_GOBs Parison 60B is inflated with
air to assume the shape of - blow molding cavity 30B while
‘parison 60A is being injected in cavity 20. The blow
molds open as the platen retreats to eject the finished
20 container. The plate 40 shuttles back and forth each
cycle so that a container is blown simultaneously each
time a parison is injected.
Figure 2 showé the general layout of the injection
blow molding machine and indicates the control means. .
25 plasticators 82A, 82B, 82C feed three rams 70A, 70B, 70C
for three polymer melts which are fed to a manifold block
75 which contains separate passages leading to a multi-
passage nozzle 50 for the injection mold 20. The platen
42 is moved axially of the mold by a hydraulic press 44.
30 control circuitry means for the press and blowing cycles
are indicated at press control block 110. A microprocessor
100 is programmed to control the servo hydréulics 120
~which control the individual injection rams and to command
the press control block 110.
35 Figure 3 shows one of the plural'plasticators 82B for
melting and supplying molten polymer B to an -injection



left by hydraulic actuator 72B. Wien the ram5 cylinder 71B.igs
chafged/jwith molten resin, valve 85B is closed. Upon a control signal from
] {Jopr ocessor 100, valve 84B is opened and the servo control 120 for
fpf.causes the ramto advance to thelklght according to a o

di sp acenenttlne schedul e stored in the n1croprocessor 10 program A

is d U onal to ram
di spl acemont Yo CITRY ot Bhe BLEREASACAR 3 ofs 3, PdurneishatnsRnrarasat-

f or-ced accordlmg scmehedovbgeawhﬁbhwfqmnas\anMeﬂ4§blymengﬂntbetmnnlfoId

agsag 0

Phe 1oy ect tor FLriREE, 158 SECERE. ol Wikh Winfdrq vdBeBCB3R00S Hlogdd® .

pari son 60. FARfireani valwendbBcils premedand theprameie recreatedl
signal from tég nwéopéeeesggh?éeguﬁ%ow&&%e% tm asyR éues@ Qaqof tinme)

and a poggtlon sj gnal ;ron1 di_spl,acenent tranducer
C

al gebr ai chl | \FAdeRIB 39 ﬁhﬁFgPﬁeP"l‘F@ ad sen ?%mtlﬁglgﬁgﬁéﬁ ii$ used
to control tfadaeafuxlrwn ssrwnﬂ:ﬁelf etighllgq fbﬁgsna%hfnxggéﬂa %c%éﬁeo%tt?’g' cal
t shown . I n FEi .

moasured by ChildAkTe S48 A3 SR8nRa,and, B R xR ccantEoRuALD: ERTof
time. Figure the sam f¢awsehache ofamheos;dtvalmesefb tmfgﬂigatthaecas&a{iln@e

h I S on e char
i tiat o o o AR EsChREELES kel Sk $aPiEEobEaGESS
30 and i % IPrRGE 3;opek dt@ﬁwgusnth&raalsﬂmpemdkﬁ spﬁdvidem gheanalog -
pl asti Catorséénaih?é@éwmﬁ&i €b' £t d& gﬂ&%&ﬁ? 8 @gf%g g‘ gnal to

the mi croprocessor, I'njection s carried out accor
di spl acement £egdnbagk, Ee £or  HhenEervpr d2fssorPQlymes Befm:qadeaca:brﬁng

the end of the IHeePiRyranfElows CpasLNvaIVR S4B HARh the manifold
passages to the injection nozzle, through the nozzle
15 passages and into the 1nject10n mold cavity where polymer
B becomes the outSLde layer of a parison 60.

Figure 4 shows schematically the se:vo loop where the
control signal from the'microprocessor 100 (shown as
voltage as a function of time) and a position signal from

20 the displacement tranducer 76 are algebraically combined
in an'amplifiet 78 and the resulting signal is used to
control the hydraulic servo 120 for the hydraulic actuator
72. A typical ram position control signal is shown in
Figure 5. Since displacement is measured by transducer

25 76, the plot is in voltage as a function of time.

Figure 6 is a flow chart of the system used to control
the machine. The injection-blow'molding machine is in-

~ dicated as IBM on the chart. Upon initiation of the
~ cycle, the program checks positions of valves, rams, etc.
30 and if all are ptoper,'recharges the ram'cylinders'71
from the plasticators.82. The IBM controllcircuit 110
provides an "inject" signal to the microprOcessor 100.
Injection is carried out according to the ram dzsplacement-
time schedule of the mzcroprocessor and is terminated at

35 the end of the schedule. An "injection oomplete signal
is sent to the IBM. The control 110 then causes the IBM
to traverse to place the parison in the blow mold and to
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is ®Bent to the | BM ThelbdﬁfFol 110 then causes the IBMto traverse to’ 7

pl ace the parison in the blow nold and to proceed with the bl.ow nol din g 8

hase. The machi ne continues to cycle through this sequence. Keyboard 1!
an be used to change the di spl acenent-tinme schedul e or to-shut down the
machine. Figure 7 is a pl ot of ramdisplacenent as a function 5 of time for
three rams. The positi-ons of the rams -are @iasured as the vol tage anal og
out put of the transducers 76 for each ram The polyner for the inside
swrface layer is "A'; that for the core |ayer "C'; and that for the outside
surface | ayerpraceed with thes bloyumolkding phased sTBgemacdiing <tontinues

forward mtl%céyérs EBth@thJHz\éersé@&é/ﬁSéa 2gB9bbaea! 61'15"11%? !bé‘%rﬁ ©s

a stopped ram _a downward sl ope indicates a’retreat of ram
si gni fi cance ¥ &F@%‘i% thdﬁ-&PrJeﬁﬁeW'EéFl‘Bﬂdﬁ?g?éHaeb?rr éﬁ%r%‘é cigwn
Fi gures 8-15,thédigichbaw.t he fl ow of the 15 polyners at the eX|t of the

nozzle. 50 and t entr ce 52 of t.he ect | d ca it

rounded- botton1og§* i $8n 2 é%é8£ é. Egﬁsﬂe (ﬁ% éhﬁc£+ﬂﬁs in
t he cycl e :andf rtmtfaesthreekeryams.t o Thgupesitions Efgltm G amepr asent s

t he condltlo a o Ccy. a

enpty.. The |1€%ﬁé€&5§g ?hfhe g%?ﬁ%/éﬁﬁ?ﬁ#tla 9Qc8 t H%\gﬁﬁﬁggﬁégrs

pol ynmers A aké EEonreath rami.de Thel mitssmeie forfthe tayede suitEagens for
polynmers A a Nnie.a ObyREr § It vity.
At  about 100%ﬁ€%on§5 [ g’%{%%ggélﬁe % gir?n fgr t%edc;o‘{r}éétlbay(gé1

pol ymer C, bé‘é‘l%s"‘%%sh@?aﬁﬁéfaneg&ﬁy@ s-‘b%vx%Bf hat Ipokhisr Edgure janned the

10 upward slope indicates a forward motion of the ram to
' .deliver polymer, a horizontal slope indicates a stopped
ram, and a downward slope indicates a retreat of the ram.
The significance of Figure 7'is perhaps better understood
by reference to Figures 8-15, which show the flow of the
15 polymers at the exit of the nozzle 50 and the entrance 52
of the injection mold cavity 20 at the rounded bottom of
~ the parison. Figures 8-15 are taken at different times in
-the cycle and those times are keyed to Figure 7.
~ ‘Pigure 8 represents the conditions at the start of a
20 cycle -at time 0. The cavity 20 is empty. The entrance
. 52 of the cavity 20 1n1t1a11y contains only the polymers
A and B for the ‘inside and outside surface layers. The
. rams for polymers A and B begin to advance to force those.
. polymers into the cavity. At about 100 milliseconds into
25 the cycle the ram for the core layer, polymer C, begins
to advance. Figure 9 shows that polymer C has joined'the
flow stream_ih the entrance and polymer C is about to
enter the cavity. Figur€'10; taken at about 520
milliseconds, - shows the flow of the three polymers as
30 the cavity continues to be filled. All three polymer
. layers must extend throughout the entire length of the
] parlson._ Since the flow ln the mold cavity is laminar,
the velocity .in the middle of the stream is higher than
. the velocities at the cavity walls. Therefore, initiation
35 of flow of polymer C is Tretarded encugh (e.g., about 100
' milliseconds) so that polymer € will reach the far end of
the cavity just as the slower moving surface layers -~
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f streamin the entrance and polyner Cis about to enter the cévity:a

re 10, taken at about 520 milliseconds, shows the flow of the three .
mers as 30 the cavity continues to be filled. Al threé polynmer *

ers-.nust extend throughout the entire Idﬁbthxof the parison. Since the
flowin the nmold cavity is lamnar, the velocity in the mddle of the
stream i s hi ghe(At eaa B)e redcicitheserd. t Nkncthisywayl,| $heTfarefend: of

initiation 35 fl ow.of pol ' d,eno e. g 100

mi Il i seconds) <She g%, OHEY wnidh BEanes chaoHaNch® cha c‘;’g%ﬁf i ust

. as the slower nopntginetf,aedllamve all Alayers)presentt in dhein prdper
way, the far end of_&hﬁl arison, that which becones the nouth end of the

cont ai ner, mﬁllpﬂ§3§ 2 ‘l ayers present in-their proper positions. 5

At about 1009 nilli seddnadout: A00C nilbisecondscintot ther dmjestion yner A

ayer) oan be aGeeLesathe ziem, RAOHULMe AC(LRE 186108 WiHiare 1° 70" °
material in thelsyerdmist stioppesl @nd dherrawofonepodymernbcKdhedoare n the
T Eroure 1o *AATY) BeR 4 ckbitiated wpliely ebvaphusuinah 2o Mo
ran1for-poIynerdﬁsigeﬂe§hdﬁkg&sﬂtﬂﬁ;maﬁﬁriﬂlp%nyﬁéﬁ h9t$ope@§ es, such
1 ' o 0rCaRtaBaliay pRhamge €244 uetnie oy abl e drranid n )
pol yner C in th82ehSr Ghown dmeFdguna bt igptil it effectively is
| severed as shown in Figure 12. At 1100 milliseconds

the ram for polymér C is stopped and the ram for

polymer A is restarted; thus flow of polymer A

15 recommences, such that polymers A and B flow into the
cavity together following cessation of flow of polymer
C. Figures 13 and 14 show polymer A advancing to

- pinch off polymer C in the entrance, thereby pushing
| the last of polymer C into the cavity 20 with polymer

20 A to bury or encapsulate to isolate polymer C from
exposure at the surface of the parisoh._ Figure 15
shows polymer A knit to polymer B at the entrace to
complete the enbapsulation of polymer C and to return
to the conditions at the start as shown in Figure 8.

25 At the time of Figure 15 (1300 milliseconds), flow of
polymers A and B is stopped substantially simultaneously
and all three rams are retreated to depressurize the
cavity to prevent expansion of the parison when the

~ cavity is opened and to depressurize the polymers

30 remaining in the nozzle and entrance to prevent

ekudation from the nozzle while the cavity is open.

This exudation leads to premature flow of polymers

into the cavity during the next cycle which can lead

to smearing of polymer C on the surfaces of the container.

35 1500 milliseconds marks the end of the injection




the 'ast: of polymer Cinto the cavity 20 with polyner 20 A to bury or :
encapsul ate to isolate polyner C.fromexposure at the surface of the - /7N
pat*i son. Figure 15 shows polynmer A knit to polyner B at the entrace to 7
conpl ete the encapsul ation of polymer C and to return to the conditions at

t he straht as .shown in Figure 8. 25 At the th ‘of Figure 15 (1300

mll LSGCOHdS) flow of polyners A and B is stopped. substantially

si Mt aneously and all three rans are retreated to depressurize the cavity
to prevent expphasenoff theempehiisien cptedie mcﬁnsyexanpbened and to

d i t 0 t t

or event - exudat PUREPRYEEE} €8 thTRHY UF 'the o JReE16n "Hag8  6VERE U o,
| eads to prenecycle;| andfold yadves &4 B mmqtuateﬁgandethexramycl e
whi ch can | ea ewpgont ai ner. .
35I dcn# ?ﬂigggglnzg' %&ﬁ??e&ﬁr&f g*f&ﬁeﬁ?gnﬁgc ﬂxﬁei‘g Rg se o:‘ t he
machi ne ¢ | e the plastigcakprs. &ubsmmn&ectimn@mléf iﬁh@PBﬁF@ctl on
phase of the cyfl fetfiBatinRd Yﬁ?hﬁg{%&oﬁ@rﬁ?%%ﬁ%ﬁdﬂﬁﬂdﬂﬁ

cylinders 71 are rec he Iastlcators 82.
The inj ection ¢@re P noggn&"’ﬂytlh@t (CBML B35 aB#T%SﬁPea‘és 4 to

Wi thdraw the Cfé?mé&niéoti‘hﬁ%e‘aa\ﬁd Bbr?é) 05 Nen@BHLEW mbYE! chitBes S

transferred to_one of th tgw nol d cavities 30A, 30B. and the contai ner
whi ch was bl owd04, B and the container which was blowx
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ed sinmultaneously with the injection cycle is ejected fromthe bl-ow _
in which it was finished. Figure 16 shows a nozzle 50 appropriate for -

ction' of a parison having a three |ayer Pol ynmer B. which forms *

outside surface layer, is delivered by[Eﬁmaran15 70B toan annul ar

di stribution channel 54B which distributes the polymer circunferentially of

t he nozzle structure. Polymer B advances al ong a conical passage 56B to an’
annul ar orifi mel@ed Gumuﬂtanédusﬁythethothée1nbbch1baa¢ydletisaejéetedbd'

cavity. Siml I r r, is delivered
by ram 70C toigﬁ%ultgg %r&) ]\l@on c‘%lg'}'\‘frzlgl §§4&Q hgr??(gaal ong coni cal .
passage 56C to anFibsreodi& ishows@ mozgher S amF@Prfl@rﬁﬂs fior indegtion
surface |ayer ¢l g gsklzw&$£yzﬂ¢eara%ZQAlaQee RA31120¢ PAmEY o), ewhicnat

the center of the Concentri c |'ows Tssuing fromorifices 588 and 58C. A
nozzl e shut ofPrVEIF89594ﬁ§14ﬁ3$ﬂﬁ@§F%x15YF§vtésaﬁPééﬁanQNhf e yhaR A

Figures 1% angosste0Bpeshidlamali$eri bt #6n! Bhaahedn SAD dafidh tdhéﬂ@lbutes
dur | ng' bl ow noRe: RGLTRRE ShaGfeLenciathy Sfatha AosrLa e aRr HER v
during bl ow i A9 | *while
% Ze_ hot and fSPf)F.ymféi:l so?dvedﬁewvrala'ﬁmSa ébazgn#ﬁﬁ%seq@ Lech-ale 2. rwrrx]f | ange
IS essentl a or ne | ON_ND renual er
pari son wal | sagPélﬁﬁl ﬁ’ﬁé‘(ﬁl&e %# h% é\l??sﬁﬁl sO&t F cﬁ&?zglﬁ ’f‘}b{ geads
| ?Flding64Figute taesha?edﬂmﬁotdeyﬁtyexIaymmlﬁréxbe$diyuknnughomn1¢he
ange u S (S108 e l | In
| ar ge part byksgﬁgcfﬁgn&?ﬁ lai;ﬁ hf? ééﬂ?ﬁeg d nga?‘ng%rc'gmé) H["%j'(;&go re
pol yner. The dbstribhysien whanned ojrd theacsoaap@gsmism phesage

‘metal end is §5ETR8danBVi1WR lod9 0%k (HEENI AB8TymaRt &, RBich forms the
inside surface layer, is_deiivered by the ram 70A to a
passage 56A which exits at the center of the concentric

15 flows issuing from orifices 58B and 58C. A nozzle shut
off valve 59 can be moved axially to arrest flow of
polymer A.

Figures 17 and 18 compare the parison 60 as injection

molded with the finished container. The neck portion 62
20 remains virtually unchanged during.blow molding. The

parison is held by the chilled neck portion while the hot

and soft parison is blown. Thus, the neck 62 including

the flange 64 is essentially formed in,the_injection

mold. The remainder of the parison walls are thinned as
25 the parison is stretched during blow molding.

Figure 18 shows that the core layer C extends throughout
the flange 64, but does not penetrate the flange edge.
This is accomplished'in large part by selection of the
delay time in starting the ram for the core polymer. The

30 flange 64 will be employed in a double seam seal when a
metal end is crimped, by well known . techniques, onto the
container mouth to close the filled container. Since the
flange represents a significant area, it is important
that the core layer extend well into the flange. The

35 programmed flows of the various polymers also ensure that
the core layer is not exposed at the sprue mark at the
central exterior of the container.




conta;ner mouth to close the filled container. Since the flange represent(i:;>
a significant area, it is inportant that the core layer extend well into

t ke flange. The 35 prograrmed flows of the various polyners al so ensure:

that the core layer is not exposed at the sprue mark at the central N
exterior of the container. “Figure 19 is M enl argenent of the container

wal | ‘within the circle of Figure 18 Layer A is the inside surface |ayer

foged from pol ymer gqj bheof 9ige 1%&%&{ (ﬂg £ﬁ¥e6°£&?£n%P BgiiSIdé
fg;efcf o'r?réﬁrfviméfr%% cfé;'gTewefy ﬁ‘rim Ilﬁ%rermibeﬁm;ghep#namdealngr |
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expenS|ve barr CKNness o

r C The relativ
is controlled % %&P¥5E R ngLayer: 8 4s Lhe I%Wsrjai%ss'?ff%% laye®,pol ynmers
by mi cropr cems@nrrob b1lymerdesp! 2@ C 1 ¥hdlcdPé 67
%leferreg %/all stru;:r{.ure 9 3dlila ei of a’blend qu%’ll dﬁﬁm ty prﬁ'/'ef‘hyl ene

and pol ypr opyl kHEED %ﬁ’ﬂﬁdfgggmo olymere Crs Ong Sunfaqg clayercean bae
vinyl al cohol palypyopyléfyCethd thelbthed %*éﬂ/\'?oé1 I W:%/&?é' barrier

er wll
dadse & | ar go TR hLBERe Tokek s Bk, Pelah tuedy rmenatue barntervo
| ayer nust adthtméxy Ge 2Ther pekattveathiieiknelde df‘tﬁhts'ﬂire?é epyre
Pol yol efi Adh |on a be | oved y addlng
adhesi on 9?% %?ﬁ¥¥$1£?&B%¥yﬁ? EV Heatedpr oach _
isto of the three polymers by microprocessor control of
| the displacement rates of the rams. A preferred wall
structure is a layer of a blend of high density
polyethylene and polypropylene on each face of a core
15 barrier layer of ethylene vinyl alcohol copolymer (EVOH).
' Figure 20 shows how the oxygen barrier quality
~ of the EVOH layer is thin, only a small quantity of
water will cause a large increase in oxygen permeability.
| For this reason, the EVOH layer must adequately be
 20 'protected against the intrusion of moisture.

Polyolefins do not adhere well to EVOH. Adhesion
can be improved by adding adhesion promotors to the’
polyolefin, the EVOH'or both. Another approach is to
provide an intermediate layer of an adherent polymeric

25 material which adheres to the polyolefin and the EVOH.
Such materials include modified polyolefins sold under
the name Plexar by the Cheﬁplex Company of Rolling
Meadows, Illinois. :These comprise a blend of a
polyolefin and a grant copolymer of high density

30 polyethylene and an unsaturated fused ring carboxylic

| acid anhydride. The polyolefin component of the blend -
can be polyethylene or preferably is an olefin copolymer
such as ethylene vinyl acetate. The materials themselves
are disclosed in U.S. patents 4,087,587 and 4,087,588.

35 We have found these modified polyolefins to be suitable
as interlayers to improve adhesion between the polyolefin
surface layers and the EVOH core layer.-




rQvi de an internedi ate | ayer of an adherent polyneric 25 naterial'whigm
adieres to the polyolefin and the EVOH. Such materials i nclude nodi fied ™ =
hblyolefins sol d under the nanme Pl exar by the Chenpl ex Conpany of Rolling | &
dows, . Illinois. ‘These conprise a blend dr7é_polyolefin and a grant
copol yner of high density 30 pol yethyl ene and an unsaturated fused ring
carboxylic acid anhyddmbtheihesyitablefnatenipdnfor use fas Hrenhteridper _

oetate, The matd, naprave, AdhORA e feelRoLUEEYDN Bolyell el e s,

and 4, 087,588. BBledchanhydnide tgrafteddpolydlefins solds unddxe thetable -

i nterl ' y | urface | ayers
and the VO, copameLAdeT ¥ 900 BIERRenERIBRYY Tnllstedds 3F "
interl ayer td | Rpkyws S@padi.on between the EVOH pol yol efins are mal ei c

hydrid fted I ' I I ui
Pet 1 ochen cal. | ndust r RS o1 O ShEEEEEVLRS B8 RaCHTBAY off Y8 EVOH ..
side of the EVOPK¥EfHebapmierlaver resultssinnaafivee Layear comttaimer. To
produce such a egnpHroReice %@nge{ LolXaPAde NPRé! ‘EhPEeFR%gsgéegéloﬁéf% aced

with a five passage nozzle sim [ar- cohstruction. e and
out si de surfaceOfafdgurs: d6is meplaredwithraokiveapassage: nozale of bot h

those | ayer sLOThembiaw coistFuidttlon AMWiefé VEHE1A844R" ARA At L

part supplying the_central axial passageway to tormthe 1 nside surface

| ayer and surface layers are of the Same polymer one ram can be
used for both those layers. The flow from that ram is
divided and proportioned with part supplying the central
axial passageway to form the inside surface layer and

15 the balance supplying the outermost nozzle annular
orifice. The two additional nozzle orifices are
located just inside and just outside the nozzle orifice _
for the EVOH barrier layer. The two additional annular
nozzle orifices can be supplied with the interlayer

20 polymer from a single ram, the flow being divided
and proportioned. Thus, a three ram machine can
produce a five layer parison. Greater control can
be exercised over the polymer flows by using a machine
with an independently controllable ram for each layer.

25 A nozzle shut off valve can be employed to selectively
control the polymer flows. The three layérs of
interlayer polymer and the barrier polymer can be
treated as a single core layer. A five layer wall is

shown in Figure 21 wherein layers A and B are the
30 inside surface layers of polydlefin, layer C is the
barrier layer of EVOH, and two layers D are the
interlayer material. .
EXAMPLE I _ :
Five layer containers having a capacity of about .
35 5 1/2 ounces (163 ml) of 202 x 307 size (i.e. 2% x
'37/16", or 5.4 x 8.7 em), weighing about 11 g were made
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15'th§bal ance supplying the outernost nozzle annular orifice. The two
addi-t1onal nozzle orifices are located just inside and just outside the -
nézzle orifice for thé EVOH barrier | ayer. The two additional annul ar
nozzle orifices can be supplied with the interlayer 20 polyner froma
singleg.ram the flow being divided and propgttioned. Thus, a three ram
machl neé can produce a five lrayer parison. ater control can be exercised
r the pol yner flows by using a machine with an independently
\T rol | abl e neingra Me |ayific@sndzadbezbn shithreel nam machdnee enpl oyed

|togl e and P drilad End UUEELab | QiR radheTEYets %2"%‘%&' - A

five | ayer wallene-paigrethyleneublock chppiymerafdercules Brofaxt he 30

d f f EVOH,
and o | ayer O e RAHELEYE NuntBKEhybrisd il BAHYIUNS Ny P
cont ai ners_%aﬂqa}aiieza;mlm@r endedswith/ 2 gnadds comulymer of 202 x 307

size (i.e. fgbg?dé'r?s r 5.4 x 8.7 cn),..wei ghing about 11 g were nade
18 using a flve oritice nozzle on a three ram nmachi ne. The inside and :
outside surface | ayers were pol ypropy- | ene-polyethylene bl ock copol yner
(Hercules Profax 7631). The adhesive interlayers were ethylene vinyl 5
acetate copolymer blended with a graft copol ymer of high density.



- wherein the inside and outside surface

| yet hyl ene and a fused ring carboxylic acid anhydride.(Plexar 1615-2)

e oxygen barrier was EVOH (Kuraray EVAL EP-F, available from Kuraray Cbﬁ.*

d., Osaka, Japan). The | ayers were well ered. The barrier extended to*

e flrange |ip and was conpletely encapsul ated. 5 EXAMPLE Il Five |ayer
containers simlar to those of Exanple | were made wherein the inside and
outside surface | ayers were 10 pol ypropyl ene - (EXXON E612); the interlayer-~ °
material was Plexar 111, a blend of ethylene vinyl acetate copol ynmer and o
graft copol yr;wlyahméme bandi ar fusedEYAngERaE boRl i yas £d V\enhydeh.ﬂe

adhered. The [4EXt e d e o e (RY
conpletely en@ﬁgsdﬁétéﬁﬁg %? %ﬁg °%9Phgwﬁ§4€£§§¢i§§najner§ S|n¥?grEgPL
those of ExarBR<F{ awailable fremcKuragay €9.0dtdhd NAakale Japante Theers

were 20 a 50- 15%1 %ﬂé ypaaﬁxkaae (Elséﬂua'%@a@: %iﬁ&é’dd%sth&
pol yet hyl ene é nplex he |nter ayer material s Plexar Ill; and

the barrier m EﬂF complespdys epsaPaatediner ed. The barrier
| ayer extegded tothe lip of the flange and was conpl etely encapsul ated. 25

EXAMPLE IV Five |ayer conta!ners'sinilgﬁgggﬂéﬂaéf of Exanple | were nade .

e 30 a copol yner of .
propyl ene and et hyl ene (Hercules Profax 7631); the interlayer material was

mal ei c anhydride(¥f§é€¥Lyer containers similar to those of Example I

were made wherein the inside and outside surface layers were

10 polypropylene (EXXON E612); the interlayer material was
Plexar III, a blend of ethylene vinyl acetate copolymer and
a graft copolymer, ‘and the barrier was EVAL EP-F. The
layers were well adhered. The barrier layer extended to the
lip of the flange and was completely encapsulated.

15 ' ' '

. EXAMPLE III

~ Five layer containers similar of those of Example I
were made wherein the inside And outside surface laYers were
20 a 50-50 blend of polypropylene (EXXON E612) and high density
polyethylene (Chemplex 5701); the interlayer material was
Plexar III; and the barrier layer was EVAL EP-F. The layers
were well adhered. The barrier layer extended to the lip of
the flange and was completely encapsulated.
25 - '
EXAMPLE -1V

Five layer containers similar to those of Example I
were made wherein the inside and outside surface layers were
30 a copolymer of propylene and ethylene (Hercuies Profax
7631); the interlayer material was maleic anhydride grafted
polyolefln (MltSUl Admer QB 530); and the barrier layer was
EVAL EP-F. The layers were well adhered. The barrier layer
extended to the lip of the flange and was completely
35 encapsulated. p



ponoIefin-(M.tsui Admer B 530); and the barrier layer was EVAL EP-F. The
| ayes were wel | adhéred. The barrier |ayer extended to the lip of the

et

f} &nge and was conpl etely 35 encapsul ated. I n the making of the

‘cont ai ners of

Exanples -1V the injection schedule began feeding the inside

-and outside surface |ayer polyner then.LhSZE?Iyner for the adhesive

I nterlayer was started-and substantially

si mul t aneously the barrier

| ayer polymer was started. The flows of the adhesive interlayer polyner and

t e’ barrier |ayer poL¥ner were termnatedq before the outside surface |layer
pol ymer flow was ternt PREFEX2

s CHEMPLEX used
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The flows of the adhesive interlayer polymer and the
barrier layer polymer were terminated before the
outside surface layer polymer flow was terminated.
The words SURLYN, ADMER,_PROFAX, EXXON and
CHEMPLEx'used hereinbefdre'are kegistered Trade Marks.
The apparatus claimed herein forms the subject
of the plaims of our copending application
No. 8106699 (Serial No. 2,070,506A).
Our copending divisional application
No. 8309410 claims a method'of'making a multilayer
injection moulded article wherein the fiow rate of
each of the-streams injebted to produce the layers
is independently and‘continuously controlled to

-control the thicknesses of the individual layers.

10
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iPr[prlsmg 5 1) establishing in the exit of an injection . &
Nl di ng nozzle the flow of a first polyner streamto become the inside «.:
fface layer of the article, the flow of a second pol ymer streamto becons
je outside surface layer of the article, the 10 flow of "a third -
pol ymer stream between the flrst and secon?ﬂiolyner streanms, 2) termmating’
the flow of the fcnntmmmu 1‘“ m 3) subsequently termnating the flow.
of 15 the third p ‘then 4) subsequently term nating the’ W
fl ow of the second polyner stream é A met hod according to claiml1,
wherein the flow of the third polymer streamis commenced 20 such that the
third pol yner st ream r each® §1mge said exit after the first and second
pol yner streans reach the exit. 3. A nethod according to claim1, wherein
the article is a parison,landaAfmethed ioftimaking themabtisleyemnf
transferring- the injection nolded parison to a blow nolding cavity and
inflating the panjagtiontmel@edwrigid ertdmdey including thewsigpsd
article. 4. A nethod according to claim3, wherein 5 the injection nDIded
pari son has an @pmpnwﬁnmmd a closed end obtained by nolding in an

|nject|on nmol d cavity having a core p|n and the said pol yner
5 1) establlshlng in the exit of an

injection molding nozzle the flow of a flrst-polymef
stream to become the inside-surface layer of the
article, the_flow of a second polymer stream to become
the outside surfaée layer of the article, and the
10 flow of a tﬁird polymer stream between the first and
éecond polfmer streams, - |
2) terminating the flow of the first polymes
stream, | |
3) subsequently terminating the flow of
i5 the third polymer stream, and then
4) subsequently terminatiné the flow of the
second polymer stream. |
2. A method according to claim 1, wherein
the flow of the third polymer stream is commenced
20 such that the third'bolymer stream reaches the said
exit after the first and second polymer streams
reach the e#it.
3. A.method according to claim 1, wherein
the article is a parison, and further including the

25 steps of transferring  the injection molded parison



haed

streaﬁé are generated such that, at the said exit, the first polymer flg
ing central stream 10 surrounded by an annul ar stream of the second
pSlymer, while the THIiTd polynmer flows in an annul ar stream between thg

first and second pol ' ( resulting parison thereafter be
inflated in a bl ow nmmmwg“mu\“ﬂm a co@flguration 15 such that aR
““article in the formof a contdinér ts produced. 5. A nethod of claim1, 2,
. ar -4, wherein a fourth polyner streamis introduced between the first and

third polynmer streaps and 20 fifth pol r.is.introdyced between the

second and thi ¥8 BoPyREr moldias cavkty) $iRotnERa i (RSREFIFOR pol yier

. streams being ternjnated befqre termnatiop of the flaqw of t econd '
pol ymer st rean%nG'.g’eA ﬁr@f"h&? FREES gﬂyEBF"blaaibﬁbo"fL %Pg?é 5, - wherein
fol 'ow ng terniggi%gn of flow of -the third polymer stream flow of the '

first polymer 8 €amis recommenced and finally flow of the first
pol ymer streamis termnateq appnroximately.sinmultaneously.,w th the flow of
4 °h SRR ¥ 5

t he second pol yner stre ° acc?.dlﬁgngﬁh ﬁﬁﬁx#tHWEffslﬁny of

ol 118 O HRLRIB, bl e Lk shodrdeoSGRC JRAVIR 811 ST
B ATELhod acepidiHOch il Y SbTatlgl 1 W Urfeddoh 10 1S

mold cavity having a core pin, and the said polymer

streams are generated such that, at the said exit,
the first'polyﬁer flows in § central stream
10 surrounded by an annular stream of the second
polymer, while_the third polymer flows in an
annular stream.between the first aﬁd sécond poiymer
streams; the‘resu;ting parison thereafter being
:inflafed in é Slgw mold cavity having a é;nfiguration
15. Sucy that.an'érticle in the form of a container is
-prodgced; | |
5. A meﬁhod of ciaim 1, 2,.3 or 4,
* wherein a fourth polymer stream is introduced
bétween the_firSt and third polymer streams and a
20 fifth polymer is introduced bétwéen the second and
third polymer streams, thé flow.of the fourth and
: fifth polymer streams'being terminated before
termination of the flow of the second polymer stream.
_6; A method according to any of claims 1 .
25 o 5, wherein following termination of flow of the_.

third polymer stream, flow of the first polymerf



predaterm ned delay followi ng establishnment of the flows of the first ang
ond polyner streanms. 9. A nethod according to any of clains 1 to 6, e
'-|nthe|nject|on m rface 15 fromthe first polymar*
mis conmenced, ‘“]“mmu“ ﬂl‘t he oué‘glde surface layer fromthe -
nd pol yner strean1ﬁs contrented Wil e continuing to inject the first o
“layer, and thereafter the injection of the core Iayer i's comrenced while 20,

The core Tayer Te¥ietRGHE chRhoRRAeRE Hhd AUBREL P B s [ife PRLYAET 0w
f-th f th 25 wh

?hetfsrgi(l tpoloyrrterpe?gf fa%F%gﬁg‘dl t‘{bhe %ngé)ég Q%nggk%a asSa CS:]'?IrgI. :

first-stream the %ngngghéﬁr di%he%k?éjlff&@d ﬂ% %}ﬁé¥ﬁﬁ&‘

substantial l'y surroundln rst- stream and
pol ynmer is establd as anot her annul ar strean15 betmeen the first and
second polynmer streans . 11. A nethod according to claiml or claim3, and

substahtiallg as herein degcrlhe :ﬁﬁgarégégfgfﬁgtgoagg hodm%¥3T§ he

acconpanyi ng drawi ngs. 12. An art e produce t he ainmed in

any of the preceqﬂlé‘%dﬁhé?elﬁ?’thén fer“?é?téf’”tHB' @eeks@’ S %é%g#BT&mer

mol ded nultil ayer, rigid astics article having an Inner core _
conpletely encap%%fﬁéﬁk“b%a'Qstabllshed in the said exit substantially

simultaneously in step (1)..
8. A method according to élaim 7, wheréin
10 the flow of the third is established after a
predetermined delay following establishment of the
flows qf the firstlahd second polymer streams.
- | 8. A method according to any of claims 1 to 6,
wherein the injection of the inside surface layer
15 from the first polymer stream is commenéed, the
injection of the outside'surfaée layer from ﬁhe
secbﬂd polymer stream is commencéd while continuing
to inject the first layer, and thereafter the
injection of the core layer is commenced while
20 continuing to inject the first and second layers,
such that the.polymer of the core léyér is'introduced'
betweén the first and second.stréams'upstream of
the exit of the nozzle.
10. A me;hod according to claim 1,

25 wherein the first pol&mer is established in the exit



_erglayers the core layer extending continuously 15 and unbrokenly

article according wherein one surface |layer is a
20 polyolefin the &Ellmmm i nyl al cohol copol ymer having a
| ayer of an adhere ynnrucsnaterlal on each face of the ethyl ene vinyl
al‘eghol copol ymer, and the other surface layer is a polyolefin. 15. The

article accogdliagceatehal Pikbt FrMdwnei ehéhgebohlpflyindAyess are a blend
of pol yethyl ene and pol ypropyl ene and t he | ayers of "adhierent polyneric

‘material areatfhepshel ashwnedhnul 3t Nytrasht substalddEryand a graft
copol ymer of polyethyl ene and an unsaturated fused ring caf%oxyllc acid

anhydride. lfurrdtigdshyi ¢he FGWilisWrédms! ahth the FlowMs¥ eiRe OBR: §Frface
| ayer is a pol-yolefin, the core layer-is ethylene vinyl alcohol copolymner

‘having a | aysslphernisi eseabidishin wsfdedtRekY ahdhilaons@asdnf ace of the
et hyl ene V|nyI al cohol copol yner, and the other surface layer is a

pol-yol efg n. Hékween the fifst B alddo@ P6LIPMENG trednsdi M 16, wherein
t he polyolefin | ayers are a copol yner of propyl ene and ethylene. 18. The

article according to Ilalnnlﬁeuﬂvﬁfﬂébdtdbﬂ? €b @mdimﬁltJFEéE%Yﬁ|3f'n
| ayers are 15 sel ect ed from pol yet hyl ene, ypropyl ene, a bl end
and substantially aS'herein_descnlbed with reference
.'to and as shown in the accompanying drawings.
12. An article produced by the method
10 claimed in any of the préceding claims.

13. An injecﬁion molded or injection blow
molded multilayer, rigid plastics article having an
inner core layer coﬁpletely_encapsulated within
outer layers; the core layer extending continuously

15 and unprokenly across a sprue point of the article
whereat thé outer surface layers provide complete
isolation of the core lafer from thé outside.

14. The article according to claim 12
or cléim 13, wherein one surface iayer is a

20 polyolefin the core layer is ethylene vinyl alcohol
~ copolymer having a -layer of an adherent polymeric
material on each facé of the ethylene vinyl alcohol
copolymer, and the other surface layer is a polyolefin.
) 15. The arﬁiclé according to claim 14,
25 wherein the polyolefin layers are a blend of

polyethylene and polypropylene and the layers of

adherent polymeric material are a blend of ethylene

: . o\
acr&&s a sprue point of the article whereat the outer surface |ayers )
arovi de conpl et e -Fsotatiomof tne core | ayer fromthe outside. 14. The -4 |



t Her gof and a copol ene and ethylene 19. The article

a 5;10 ding to any of cl ai ms“ik\lg wherein the core layer i's the thi nn@s:t,
pp

o] e layers for m“ The text of the speC|f|cat|on has been’
reproduced by phot | cants ori | typescript. It nay

" contain’a fem/anendhen?s which are difficult read. The origina
typescrinpt contaimning these anendnents may be inspected on the pren1sesoo?\
the Patent OFfice- Tt
v1nyl acetate copolymer and a graft copolymer of
polyethylene and an unsaturated fused ring
carboxylic acid anhydride.
;6. The article according to claim 14,

5 wherein one surface layer is a polyolefin, the
core layer is ethylene vinyl alcohol copolymer
having a layer of maleic anhydride grafted polyolefin
on each face of the ethylene v1nyl alcohol copolymer,
and the other surface 1ayer is a polyolefln.

10 17. The article-according to claim 16,‘
wherein the polyolefin layers are a copolymer of
propylene and ethylene.

18.” The article according to claim 14,
wherein either or both of the polyolefin layers are

15- selected from polyeéhylene, polypropylene, a blend
thereof and a copolymer of propylene and ethylene.

19. The article accordihg-to any oﬁ claims

12' to 18, wherein the core layer is the thinnest
of the layers forming the article.
'!he text or th.e apeoiﬁcsﬂon hu bm rep:odmad by photocopyina the applicants original

typescript. It nsy comtain a fow amendments whioh are difficult to read, The original
typescript containing these amendments may be inspeoted on the premises of the Patant Office



