2070506 APPARATUS FOR MAKI NG A MULTI - LAYER | NJECTI ON BLOW MOLDED CONTAI NER
Fo6d product rigid containers generally nust be inperneable to oxygen. Most
c n| structural polymers 5 . for rigid food containers are perneable to
0 %E whi ch invades the food product causing degradation or spoil a92070506
Th pokymers which are sufficiently inpermeabhe to oxygen generally are
not suitable alone for rigid containers for foods because thﬁé% $ not

¥¥Be, or are

possess adequate-10  struct ur APPPREFYS FOR MARING; & MULTLT

not approved for or. are of questngReOTION FIOW mgngnserbumMact with
foods. Ethylene vinyl al cohol rans ﬁg extru | bl e
%‘ ¥y ™3

material possessing hi BROAnPEORIAR 51919 FR Béﬁ%ﬁﬁyg?ﬂ ?ess

15 permeabl e. t hagmpekmbaplier it d:gfqaéxynerzcoshubomoters/tmeuuaa polymers
sensitive. Th% oxygen barri.er GP

t f EVOH |
the presence of sigaFfFeddd & éﬁfp%ﬁgégfhg%ﬁiﬁfe %%Eﬂgﬁﬂ§§$u¥°f8f igqﬁhigh
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not pernanen di s uring coo ng Cco nust not
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The. use of polyol ef'ﬁszmpermea erltzrta;} 1:Cgrgx§)ée%nw%e¥1geé1ry, 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 aie processed in the container in a pressur
cooker or retort. Regogs conigtlosﬁ commonly are 250°F.
at 30 psia steam pressure A rigid contalner 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 propetties of its components.
Polyoclefins, particularly blends or copolymers of poly-
propylene and polyethylene, are well suited to manufacture

30 of rigid containers and have adequate 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
1ndustry. Phhdt

Nehara—ee—ai 3,882, 259 discloses a three ply plastlc
bottle hav1ng a core of EVOH blended with Surlyn A brand
ionomer resin and outer plies of polyethylene blended with
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barrierapolyner 'is,a desired goal. of the faod packagi ng 35 I ndustry. US é i;
PATENT ~ 3, 882, 259 di scloses a three ply plastic bottle having a core of

EVGH bl ended wi t h Surlyn A brand ionomer resin and outer plies of

I#! yet hyl ene bl ended with 2 Surlyn A, The Surlyn A iononer is added to 2
oth the EVOH and the pol'yethyl ene re5|3%naterials to i nprove adhesion &
between | ayers. The bottle is.to be ma by extrusion bl ow nol di ng whergby

t heMthree | aYSﬁﬁlzﬁéAsl nThieasilyty & ionemerdid addedochorcbath hthe BVOH
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moi sture, exph ure 0 ontai ner Bottom renders the
cont ai ner- susbeptonl ot éoms@ (ﬁeiﬂaramd:r inflpted Hp inthliey oreld havingre.

The risk thatheg ﬁgﬁéabgekﬁgd(ﬁéé{rgulﬁoegggunter danp conditions in 20

st orage or transport I's high_and the resulting |oss of barrier quality wll
degrade or spoi | Extragden PLQﬂuﬂo dingrpasofour &erious drawbagks

nol Stur g I oMkheR akeamy IfloﬁnntniumJ-mg ek Neohtalindrd Bevidgraugbrene
exposed barrier at the bqttom econd,, extru5|onfﬂ | di ng .
necessarily ppgguggsa moisture sensztzve barrier material such as
EVOH.
First, the-pinch seal at the bottom leaves the core
'ply of EVOH exposed on the bottle'egterior. Since EVOH
15  and certain other barrier materials are adversely affected
by moisture,. exposure of the core ply at the container
.- bottom renders the container susceptible to loss of barrier
~ quality by intrusion of moisture. The risk that the
container exterior wiil'encounter damp conditions in

20 storage or transport is high and the resulting loss of
barrier quality will degrade or 3poii the food. Further,
retort conditions are such that moisture from the steam
wzll intrude into the barrier layer through the exposed

_ barrzer at the bottom.

25 Second, extrusion blow molding necessarily produces
scrap as a result of the pinch sealing procedure. Since
the scrap contains materials from each 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 vaties in thickness in the viéinity

35  of the pinch seal. Because of the thickness variation
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



L'ap-as a result of the pinch sealing procedure. Since the sbrap.con;ains
matievi afs fromeach of the three |ayers, reextrusion of the scrap is

icult and expensive. Third, the pinch seal produces a bottom of -
nfunj- 30 formthickness and strength. The sealing takes place along a
Nne SETmeen the abutting faces of the inne3<4ayer naterial. The seal |ine
| S-bordered by regions of relatively thick nmaterial. -Wen stretched durLeg
bl ow nol di ng, the bottomvaries in thickness in the vicinity 35 of the
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| ayer of a nwistur L1 | fy +SU ' \ i.cular '
container is int en?e%ceﬁéér%ﬁo?gﬁ§gdﬁ§%ﬁaﬁéfﬂvﬁ%‘seﬁ?&hégﬁﬁi %C’:M;%{‘ﬁémg
~ concer ned1@i t h camnotatproduce nani egtdrplystsiak isfactory threej dayesn rigid
_molding or by Yyneainer having a. core barrier layer of a moisture
' sensitive polymer such as EVOH, particularly where the

container is intended fgr retorting.

15

The present invention is concerned with apparatus for
making a plastic container by injection molding or by an
injection blow molding technique which produces a container
whose walls are multiple plies of different polymers. 1In

20 particular, the container walls comprise inner and outer
layers of structural bblYmers such as polyolefins_or a
blend of polyolefins on either sidg of a core layer of a
polymer having oxygen barrier properties such as EVOH.

Injection blow molding is a process whereby a preform

25 or parison is formed by injectibn molding in a'cavity.
The parison is transferred to a blow mold cavity and
blown to the shape of the desired container. The parison
can be retained on the core pin of the injection mold and
transferred on the core pin to the blow molding cavity.

30 The parison can be temperature conditioned before blow
molding to achieve an optimum temperature or profile of
temperatures. The core pin can be temperature controlled
and the exterior of the pa:isbn can be temperature
.conditioned by contact with air or other £fluid such that

35 blow molding occurs at optimal conditions. Orientation
can be achieved as the parison is stretched during blow
molding. Injection blow molding produces no scrap and
requires no pinch seal. ’



i nj ectign bl.ow noldj ng techni que whi.ch produces a contai ner whose walls arg
mul tiple lees ‘of different polyners. In 20 particul ar, the contai ner
wal s conprise i nner ane outer layers of structural polynmers such as

pol yol efins or a blend of polyolefins on either side of a core |ayer of a
pol ymer havi ng oxygen bariier properties sqfh as EVOH. I njection bl ow

ol dirg is a process mhereby a preform 25 or parison is fornmed by
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B8 ot her %1 ui bl ow nol occurs at _ optimal conditions.
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mol di ng. 1 nj egti@BmbLavbaRbiiNEHar QliKeas dl@hﬁé?ééplii'érréﬂuthés a&waﬂ@ch
seal . -4- ccordlpgmto the present - |nvgﬁﬁéon there is E 8V ﬁﬁ
apparatus for naki nd) aMRaPEi £PXy Ereahiag ot®¥ eRf a7 t EREX e ng:
Fecome one su o e it ol sl e ‘?@%Y‘“?’éa?tm%“sﬁaﬁ ow of
a second p®l yner stf”gg’r‘?’ﬁf‘ﬁ 8p 85n3‘ %ﬁt&%%ﬁ?ﬁ ypgo%;ﬂ[%hg g6 cl e,
3) means for efeshéngalliepbligwenf saridums), pi@gner stream between the first
and second pol ymer §S m83Rs to control the 1ndependent means to

coordinate the termination of flow of the three

polymer streams. '

15 ' The plural layer article produced by use of the
apparatus can form a parison for inflation into a
finished article such as a container in a plow mold.

r - Apparatus for producing such an article can include
an injection'mold and a core pin that together define

20 a cavity for molding a parison from the'pblymers,
which are admitted to the cavity via an entrance at
the bottom thereof, means for transferring the parison
to a blow moldlng cavity having the configuration of
the artlcle, and means for inflating the parison in the

25 blow molding cavity to form the artlcle._

Desirably, the apparatus comprises one
injectzon mold, two blow molds, 1ocated one to elther
‘side of the injection mold, and two core pins mounted
on a plate supported to traverse between positions in

30 Which .each core pin in turn registers with the
injection mold, the blowmolds being so locéted that
a respective one of the core pins registeré therewith
when the other core pin is in registry with the injection
mold, so that a.parison can be ‘molded while a

35 prev1ously—molded parlson is being inflated in one or

. other blow mold.



.+ 4) neans for independently terminating the flows.of the saig.
ymer streans, and 5) nmeans to control the independent neans to
gordi nate the termnation of flow of the tdree .pol yrer streans. 15 e
he plural layer article produced by use of “the apparatus can forma
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will be descri bédsmammnt r@ietlhafx:em- hTe sontsek the swdraulic
~ plasticators- fOEdtW%E'é’aéﬁ'féﬂg 20keERbadICcdierSiider £at | ayers,

and at | east three
operative in response to the algebraic sum of two

signals, i.e. that from the transducer and the time-
15 displacement schedule signal. '

Apparatus according to the invention can be
constructed, for example, to inject concurrently an
additional layer between the core layer and one or
both of the surface layers, thus producing an

20 article having a wall of four or more layers.
~ as will be described in detail hereinafter, in
the preferred apparatus the initiation, rate, and
termination ‘of flow for each layer are
independently and continuously controlled to providé

25 control over the thickness of each layer. The
control makes it possible to ensure that the core
layer or layers are totally encapsulated between the
surface layers. The injection molded parison is
transferred on the core pin to a blow mold cavity

30 having the shape of the container and is then |
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5 serva contro] | ed:-hydraulically actuated injection ranms associated with
the plasticators. The polynmers are supplied by the ranms to an injection
nozzl’e having at |east three irndependent polymer orifices, each associated
with one ram A linear. transducer for each 10 ran1produces an el ectri cal
signal related to the | i near dlsplaceneng of the ram :To control the .
hydravjlc actuator for each ram a feedback controller is operative in \
response to the al gebraic sumof two signals, i.e. that fromthe transducer”
and the tine-. 15 displacenent schedul e signal. Apparatus according to the.
I nvention can be consternﬁi; for exa
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| ayers, thuggppedompldstied0 article having a wall of four or nore |ayers.
As wi |l be described in detail here fter t Qe .pr err ar t he
|n|r1at|on rat E194R8 eéa9§ﬁ|QﬁP?ﬁg$?BmPFo?E§aéﬁjF Eﬁ??ﬁp gﬁﬁéﬁtly
and conti nuguahineonu:au)l ef ttherpresentsinventdonayeTwdecote cginss of
each | ayer. SSi Iayer or
| ayers }§FAI 99 ﬁgapgﬁﬁﬁiéétﬁgmgegk éggggﬁﬂﬁeqavggéignégéﬁnjectlon
nol ded par|90nonstb3aﬂ§h!ﬁi¥imgveahleopbapen . &ﬂﬂhh#rﬂﬂ@ht@ﬁhty 30
raving the gBgacpth 108 fi%“ezs'ﬁfé‘ﬁh@ﬁ‘é’d' $ntBANin naekqgogwﬂ&é%@' “Rile

description explalins how th or egol 'S acco Figure 1 shows a

portion of FnéelﬁﬁécﬂP@nimtﬁﬁﬁﬁﬂ¥9 nhBhanblewsmpels IGR. prEken:
invention. LyQteosd RsNtravdrided 165 ehe Iede,cdore Pid mewﬁpiybevveabl e

plate 10 in blow mold 30A and core pin 10B will be in the
injectién_mold.ZO. 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 parisoﬁ 60B. Parison 60B is inflated with
" air to assume the shape of blow molding cavity 30B while
parison 60A is being injécted'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.
Fxgure 2 shows thé general layout of the 1n3ectxon
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 fea 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
190 is programmed to control the servo hydraulics 120

which control the individual injection rams and to command
the press control block 110.

| - Figure '3 shows one of the plural plastlcatcrs 823 for
melting and supplying molten polymer B to an injection

35
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g Opitioned in an injection nold 20 while core pin IOB is positioned in a

bYow nol d 30B. When plate 40 is traversed torthe left, core pin | OA wll®be

@on the axially noveable platen 42 of the machine. Core pin | OA isg

710 in blow nold 30A and-core pin | OB wilMbe in the injection nold 20. A

parisgm-is renoved fromthe nold by axial retreat of the noveable platen 42

and_the plate 40 with core pins 10 is traversed either left or right toghe

avdi "abl e td)I_O\Abmg?of'agalrgn%gsm\estﬂm \shed oita ﬂﬁe%é gaﬂ;mp_eratqgg\ée_t e
parison and shows OW D cont ai.ni n ‘par.i.spn LPari,son: is
inflated with Gendibieningeofy h?&é"@f‘”&%ﬁf‘?ﬁ a,PLOWiBE £AR o
p?rison 60AifréE&I@,iﬁjbmﬁxdfnnerGHtﬁfwbnfﬁf{th@wvanidasopgn as the I
platen retreats 1o eject the, finishe co a shuttles
back and fort PYEERS ?c&% aghipye ge%&ﬁ}&ﬁ%m‘fmgggn% 858%3&#@ each -
tinme a pari$orpropertteseduchi gsr dmpermeabilityernelarityyotensilehe

I njection bl ow d] LG Ldik.cat t a QD o
Pl asticators éﬁ%w’%?ggdgggre? mﬁ%i@%ﬁe&%% ?(s;re?ﬁreéé pol ynmer
mel ts whi ch arBhé edeseltingnproduct has = barrcier olayensofepayers passages
|l eading to a e : § L0 | .d . The platen
42 is noved a%##?/ %?ﬁg %%ﬁt{? g’%ﬁ/ﬁa | cdﬂ]prg?s.bl?igl?agt tﬁ%ont’ r ol

ci rcui try nearcontainer, pyessaxsd complietely gncapselatedcwishint press
control bl Zoﬂléﬁi-m gfféﬂ%@%ﬁ%@&n&?li%x{& ESTRE EGrease’ Q.'a\g’e'i‘%co SErvo

hydraul i cs ch control the_indiv mrand

, al 1njectiong rans and t
" the press cont$bnee| Bar baprierydayer %\R&?Qﬁé"tﬁdtﬁ‘émﬁlﬂPiFtﬁP&t i cators
- 82B for mel tingy agie SHoRsYuPe BarrderP Propertidd 60 theesurface

- . layers, the oxygen barrier quality is preserved.
The invention will now be described in more
15 detail by way of example with reference to the
accompanying drawings, in which: .
. Figure 1 is a schematic view in cross-section

of injection blow molc_ling ‘apparatus,



bl ow nol ded into the finished container. Tenperature conditioning of the O

parlson Just priof to blowing can result in biaxial orientation of the
va*rl ous polyners to achi eve. desirabl e inprovenents in physical 5 propertie
-such as inperneability, clarity, tensile %trength | npact' strength, and
resistance to creep. The resulting product has a barrier layer of layers

whi ch-~extend wit hOl#igﬁ@rzuﬂélﬂi!othéﬁusbhbhath@ ydewaiorthe & tus
coqpl etely encapsul ated. vm%oa#n 10, the material of the inside and.outside"’

surface | ayer@f e RFIIRDYARYRELMer i s protected from noisture by the
i isture barrier prmgmd Te€3 bé ahsimplifited viemz,oﬂ Im:ammcd mmilgrd '|-
quality is preser escribed in nore et ai
by way of ex®HR %"ﬁ &gf@?%rﬁtéggnyhghggggﬂ'%&ﬂyl ng draw ngs, in which:

Figure 1 i% a scherﬁtgureulevxi.s nacschematici viewf iﬂﬂ.pmmraizirtg otherol di ng
appar at.us e C of the
pr esent inverﬁq'g%’gi %{Jérge n:leéspa&sl;érrgﬁrﬁ’_ed V ewt(oifo he 1 nj ec'?%% appar at us

of the presemapparatuson, 5 " Figure 4 is a schematic view illustrating
the control systemg esoj_stge%}ateggl ‘Eﬁer?'ﬁ%ﬂ:fi&%f‘m Pesehegure 5
Is a plot of the pos I on of one I njection ranms as unction of

time, 10 . injecfikon orams 28| avfungrionops; Admeontrol system for the
appar at Us ¢ QUr € Frigue R 0ls0h FIGWPERAKLORORS the i Cbystem for

three rans,
. 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
15 through the nozzle and cavity showing the confluence
of flow of the various 1ayers at various times dnring
the injection cycle, '
. - Figure 16 is a view in cross-section of the
injection nozzle,
20 - Figure 17 is a view in cross—section of the parison,
' Figure 18 is a view in cross-section of the
-finished container,
Figure 19 is an enlarged view of a portion of a
container wall having three layers,. .
25 Figure 20 is a plot of the oxygen permeability of a
barrier material as a function_of_moisture content, and
Figure 21 is'an enlarged view of a portion of a
container wall having five layers.
The machine of the present invention injection molds
- 30 a multi-layer parison from a plurality of polymers, each
separately plasticated and fed to separate injection
rams. The rams of the machine force shots of polymers
to appropriéte'nozzle passages which lead to the entrance
to the injection mold cavity. Conditions are controlled
35 to advance the several polymer melts in the die cavity
under non-turbulent flow conditions to preserve the
polymers as discrete layers in the parison. The
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tures. 8-15 are views i'n cross-section taken 15 through the nozzle and

ty showing the confluence of flow of the various |ayers at various

s during the injection cycle, Figure 16 is & view in cross-section of

: inj ection nozzle, 20 Fi-gure 17 is a view in cross-section of the
parlson Figure 18 is a viewin cross- sectfon of the finished container,
Flgure 19 is an enlarged view of-a porti-en of a container wall having thyee

-Layers 25t rlanF"ﬂ}ﬁfe Hné SpBaQEQéaQBrt beao&%sgen dlﬂ‘[\i@@biémill péclprocat-
arrier material as a fun sture con ure an

enl arged vi ew d% S5F dﬁe C%.Eﬁggh ﬁgfcﬁél qi Eg Lﬁﬁ
machi ne of the lﬁhﬂé:|7mnwmfouhen;amtwhanmuahifﬁldivaﬂte SGBexspalosed -
froma MLwaHt h para d,

Separat o i n ecidsh RAAEOTY fya 8 e 3E° Tk bhohel BHd S & AR 15 PetPonted

to appropri%te tozAihe detadey hmdthuﬂ.eedac&utalwnerKZBmcdmwthhel n]wct i on
mol d cavity. ?éﬂcaw S7f§e1§°8ﬁ59éégdr§iht 4118, SeaEvé! gl yaer

melts in the di under non-t MICOH itlons to preserve the
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plasticator 82Bggs, 39w Y8 ofdl o sﬁéar apal thw%ew&wlmsr Mocboi:orces
nol t en pol yner into the cyl i1 nder 7 he ram wh n|f | d val ve 83§P

cl osed, and nafioF@W gansesthe Bﬁ@ngﬂ afyance r%'? gR%e cACSOF
left by hygy aultic aam@mce?i&tmé BBRedaleC Wtordad i?:ia:ms ubetqpﬂowesbor

Tl ten resin, bostais K &l S5Plcehbil 2ra0ldler A et LB En analog
' signal proportional to ram displacement to complete a
feed-back loop for the servo 120. Polymer B forced according
to the program flows past valve 84B through the manifold
15 passages to the injection nozzle, through the nozzle
passages and into the injection mold cavity where polymer
B becomes the outside layer of a parison 60. '

Figure 4 shows schematically the servo loop where the

control signal from the microptocessor 100 (shown as

20 voltage as a function of time) and a position signal from
the displacement tranducer 76 are algebraically combined
in an amplifier 78 and the resuiting signal is used to
control the hydraulxc servo 120 for the hydraulxc actuator
72. A typical ram position control signal is shown in

25 Pigure 5. Since displacement is measured by transducer
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 1nject1on blow molding machine is in-
dicated as IBM on the chart. Upon initiation of the

30 cycle, the program checks positions of valves, rams, etc.
and if all are proper, recharges the ram cylinders 71
from the plasticators 82. The IBM'control circuit 110
provides an "inject" signal to the microprocessor 100.
Injection is carried out according to the ram displacement-
35 time schedule of the microprocessor and is terminated at
the end of the schedule. An "injection complete® signal
is sent to the 1IBM. The control 110 then causes the IEM
to traverse to place the parison in the blow mold and to

- o mra



100, valve 84B is opened and the servo control 120 for the ram causes the
ramto advance to the right, according 10 to a displacenenttinme schedule
stosed in the microprocessor.program A displacement transducer 76 provi des™
an anal og signal proportional to ramdisplacenent to-conplete a feed-back

| oop for the servo 120. Pol ymer B forceploaccordi ng to the programflows ¢
pas\ﬂ'.\/al ve.84B thrq.ugh the manifold 15 " passages to the injection nozzle
tgu ough the nozzl e passages and into the injection nold cavity where

pol ymer B tﬁ‘f&ﬁéﬂ@ﬂﬁ%ﬁedslb@yeﬂbm‘i@ PHASED 6fheFhdchiné ToNEinues
schemati calfy the servo Iogp ghere t he contrg& %8%' : 5'55 m t he _ .
ni. cr opr ocestreYeke (SREARIBs thds Requances KXeyherrdn pay.pe, tped | .
posi tion 'Siwa&héﬂ?&n the displacement-tiweuscliedbler orakoeshutc ddwn |
conbined in an anpljfier 78 and the resulting signal is used to control the
hydraul i c sehe/ M B®t the hydraulic actuator 72. A typical ram position
control gsi gnal Pigutevh ia asplbtgaf ram displacepenteasnta ifuncdon ed by .

transducer 76,, the t.iS LN It ag jon af finme__FEiq 6is a
fl ow chart ‘b? tige s&fewggédr%§sc‘onﬁrg$ &%fﬁgéhgngg ?hén?ﬂﬂegc%g)eﬁ bl ow
ggl di ngI maQkegsured i as ﬂheazeatag_el mairogf-rmilzpattofupha rtmiansdda:gﬁsf | It he
cycl e, 0 cks S : : if a ,
are proper ,'}élgfcc?é\r%%%qlﬁgﬁf angly Prté&?rﬁgeglﬂ?{?oﬁ h%ﬁggggt %@gtfoa?sp&. The
£BM controllayexuis 9Ab; pkbatdéorarkhe igare "laygnalCle and whatofiakessor
100. | Dpeclipl deSfdé | S Pbe? 1Yt b 1% 1© AMHIAPEICHIRan 35 time
schedul'e of e mcroprocessor and i1s termpated at the end of the
schedul e. Aipwand Siops tadirates & fanvacd ssatiep ffethevrameont rol

9 then caterrvdlpdEphes, ! BAKOTIRIR A WFobeiRalbaees B Htvggea m! d
ram, and a downward slope indicates a retreat of the ram.
The significance of Figure 7 is perhaps -better understood
15 by reference to Figures 8-15, which show the flow of the
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 iq
the cycle and those times are keyed to Figure 7.
20 Figure 8 represents the conditions at the start of a
cycle at time 0. The cavity 20 is empty. The entrance
52 of the cavity 20 initially'contains onlj 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
25 polymers into the cavity. At about 100 milliseconds into
. the cycle the ram for the core layer, polymer C, begins
to advance. Figure 9 shows that polymer C has joined the
flow stream in the entrance and polymer C is about to
enter the cavity. Figure 10, taken at about 520
30 pmilliseconds, shows the flow of the three polymers as
the cavity continues to be filled. All three polymer
layers must extend throughout the entire length of the
parison. Since the flow in the mold cavity is laminar,
the velocity in the middle of the stream is higher than
35 the velocities at the cavity walls. Therefore, initiation
of flow of polymer C is retarded enough (e.g., about 100
milliseconds) so that polymer C «will reach the far end of
the cavity just as_the.slqwer moving.surfaée layers '

»~



aceed with the b|OMlnD|dIng phase. ~The machi ne continues to cycles

dugh this sequence. Keyboard 115 may be used to change the

pl acenent-ti me schedule or to shut down the machine. 5 Figure 7 Ps
a il-ot_ of ram di spl acenent as a function q time for three rans. The '
p05|t|ons of the rans are neasured as the voltage anal og output of the
t ransducers 76 for each ram The polyner for the inside surface r \

Iayfer Isl" (tahafnaf ®) tﬂ&&ﬁrﬂ%éadﬁd. Cth eRdst h&tyftﬁhel(faz: mu@u?slene

surface ayer IS, s, figure an_upwar pe es a

motion of the Fér'hsPé"l rﬁf‘at Whl‘é‘e FEPTRBI gﬁg moé’tg‘oﬁ"f{; Ed%%?o %n LIRLE,

i ndi cates a swdfijettavenaldnd ayepsnpeesentopn théuma@mnpenwgos&tzaﬁsthe 4

ram The significgnc n

Feference to i guibs apend THIE il £oREROARR IRCH AN (5 {BAEbA oyde,

of the no#zl ethe zxam tfor mlrm 52(&etﬁssddpem<fnqeo|1@m/)i ti820 at the

rounded bot t ogy ﬁ% e i Y fﬂ:%?s gﬁ t(%%nc@ug fél}f‘éxeﬁtcéh”Sé in
ure

the cycle and t e tinmes are ed to

represents t hacsgdgiraiteds skig Stﬁ?taﬁhlavsy8h§ 9@3i5ﬁ§(ﬁ icknress @£y 20

is enpty. Thﬁa&@&&aucqrﬁ&né S&‘@t&i‘%fhﬁ@ bahftla‘ilnb! LCONAAyife® A Yishe
pol yners A and fqr the inside outsid s rf age ayers The nms for

pol yners A anBeB kgdyAown, iy eEQEF?B?Ee h6§e Feraure bl ¢ he
cavity. & ahﬁ&ul(iQ @ fdcEDRETiB i@tgevaeeayabesmﬂwﬁ fmirgdfe I2re

o ned tne 11 B% LaPoRiiL{ sebndy Ehe ot HofaE, pRIvRen € 45 RtTkPeR 94, e
cavity. FigurehéO:amaﬁarapokynnt EZDSSﬂesﬁattedecoﬁugpreHKN& amd 14ow of
< ayers mist ebPeRgPRLYEs & ddvatelhy 16 e] fﬁ g, potynds, ¢ L Hg VI
“flowin the nenurea¢euyuh9neburpu$hime tbeo peg of pedymend |G intohthe
streamigshi 9B84it9220 with polymer A to bury or encapsulate to isolate
polymer C from exposure at the surface of the parison.
Figure 15 shows polymer A knit to polymer B at the
_ entrance to complete the encapsulation of polymer C and
to return to the conditions at the start as shown in
20 Figure 8. At the time of Figure 15 (1300 milliseconds)
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 remaining in the
nozzle and entrance to prevent exudation from the nozzle
25  while the cavity is open. This exudation leads to premature
flow of polymers into the cavity during the next cycle
which can lead to smearzng of polymer C on the surfaces
of the contazner. -
_ 1500 mllllseconds marks the end of the injectlon
30 phase of the machine cycle for this example. Subsequent
to the end of the injection phase of the cycle, manifold
valves 84, 85 are actuated and the ram cylinders 71 are
recharged with their polymers by the plasticators 82.
The injection mold is opened by retreating the hydraulic
35 press 44 to withdraw the core pin 10_ffom the cavity 20.
The parison just formed is transferred to one of the blow

[/

mold cavities 30A, 30B and the container which was blow




polymer Cis ret ar ded ‘enough (e.g.,about 100 milliseconds) so that poly
C well reach the far end of the caV|ty just as the sl ower noving surface
| ayers: . (A and B) reach the end. rq this way, the far end of the '

pari son, that which becones the nouth d of the container, wll have a
I ayers present in their proper positions. At about 1000 mlliseconds int

t he ™ ‘nj ect i yC f o} Spsf @ er) is

Stopped aReIARg PAMRES *féﬁ R R R
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eX}OOSUfeB%het ?Bl&ﬁé&a@ﬁ.r@mf&misbhy 6Egthe %mmhqauree\ knit to
pol yrer at

return toPPMmGSn tPird?f%%(ﬂt oﬁc?gorgqlgéfctagegﬁ Caqsé}lgaaﬂté ogﬁ%&golxrre;\t Ct ﬁgd e
time of Fhﬁﬁh@ai5o&1$m&eﬂ583sﬁtoﬂue)eaht offr ¢he mrozzle whichaleddso
o oplihod tanibeo IIEFEIAN (AT RE: por PReseid AR TR, ChovhBe o ana
entrance tg;ﬁgethatoemekﬁager:rbs1dek1vereaeb&5raﬂn?ﬁﬁtho annilari s open.
e oot BB bRl SAHAEE (56 1A, Bhehe! Michd il O BYkbAgdl ™0
56C to annular orifice 58C. Polymer A, which forms the
inside surface layer, is delivered by the ram 70A to a
15 passage S56A which exits at the center of the concentric
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
20 molded with the finished container. The neck portion 62
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
: 25 mold. The remainder of the parison walls are thinned as
the parieon 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
30 delay'time in starting the ram for the core polymer. The
flange 64 will be employed in a double seam seal when a
metal end is crimped, by well known techniques, onto the
- container.mooth to close the filled container. Since the
flange represents a- significant area, it is important
'35 that the core layer extend well into the flange. The
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. '

35 the‘,vel GC|t|es at the caV|ty wal I's. Therefore, initiation of flow S@"
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of-‘the.container. 1500 mlliseconds marks the end of the.injection 30
phf.‘ ofy, t he machi ne cycle for this exanple. Subsequent to the end of -the
iy i on phase of the cycle, manifold val ves 84, 85-are actuated and t h®
Whinders 71 are recharged with their ymlymers by the plasticators 82.
TheMnj ection nold is opened by retreating.the hydraullc 35 press 44 to
wi'thdraw the core pin 10 fromthe cavity 20. The parison just forned | S\
transferred to onemjuﬁ@elﬁl be anl dnaa\tlgemBQﬁ 6h8 eorthlineromiadiiner

From the bl ow T i EhEFHeRE FRelsh 48 1 crage oA 8, B68 dnsdd 251
appropriate fmmnﬁqaaﬂlayenffarmedlfanmhamlgwe:thraa th;efow&Bblﬂ!ﬂyner
B, which 5 g Lﬁg& Sld ?Hg4gcmh|c L Y6 chyﬂgﬁgzran1708 to

an annul ar d|s | On channe ut es t e po
ci rcunf er ént i faryed ﬁ#ﬂmrﬁﬂlY@estBuct&ﬁ¥e4%ﬂy%%rthﬁa€9§ﬁc§§ Pagrier

coni cal passageyehiB #drméy aff‘éhaboiﬁrhfér‘?‘t S8EMed thHEnREkE QByh‘i‘e it
which leads 10 "to the injection cavit im]ar forns
the core Iayeﬁeli$kﬁ§;$mﬁiﬁe%§1V8 GHﬁfeﬂﬂiﬁ@ﬁ¥d¢str*ggtFG;aGﬂéﬁhel 54C
and thence al epiciGisElopachedentee layery!is eontr6218@Chy Pol yner A
which Tore e sl o Loge LU oo il MSed b LSRR IONLS sy
orificesl98B w:ﬁﬂﬁopn‘bmsbe sontral fof/dhe dbsphacementveates afiy to
i ot on 0° S FAEs ¢ A RECFERE A FALY hrDELEe HE BORa3EE BB,
renmai ns virtuhﬂquuuﬁuhtghidenSﬁgybpa&yaﬁhylgpeTamd polypropylene on
each face of a core. barrzer layer of ethylene vinyl alcohol
copolymer (EVOH).

15 - 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 protected against
the intrusion of moisture.

20 Polyolefins do not adhere well to EVOH. Adhesion can
be improved by adding adhesion promotors to the polyolefln, _
the EVOB or both. Another approach is to provide an
intermediate layer of an adherent polymeric material which
adheres to the polyolefin and the EVOH. Such materials

25 jinclude modified polyolefins sold under the name Plexar by
the Chemplex Company of Rolling Meédows, Illinois. These
comprise a blend of a polyolefin and a graft-Copolymer'of
high density polyethylene and an unsaturated fused ring
carboxylic acid anhydride. The polyoclefin component of the

30 blend can be polyethylene or preferably is an olefin
copolymer such as ethylene vinyl acetate. Schroeder
app+ication S.N. —rITet26-DBeecember. 1978 teachas-the
use—ef—these—matertats tO DONT €G EVOR. The materials them-
selves are disclosed in U.S. patenté 4,087,587 and 4,087,588.

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

Aredher-suitable paterial—for—use—as—anr—inteslayer—te




parison g s held by the chilled neck portion while the hot and soft parison
is blown: Thus, the neck 62 including the flange 64 is essentially forned 2{

in the i'njection 25 nol-d. The remai nder oﬁ+t he parison walls are thinned
as the parison is stretched during bl ow noldi.ng. Figure 18 shows that the

core Lper C extends yppayghio il 2pgEeRla1 Pebrits WY dENehEaEaVRE

flangd edge. This is . arge par y selection of t
del ay'sti me in star iimpgoviec adhesion thetween pbeyEVOH podydlkefinstare! | be

enpl oyed in a doubl e se I t el i i , L . known

t echni ques, ontﬂaiﬁgccmrd%ﬁ%@cﬁéégggﬁg P%r I@%oﬁ?%#e& nce

the flange repragpet Admexi dy Midssul Petrochenicalpdndusatsiestofit the core

| ayer extend vvejll;l i nt Orfg?’%ﬁfl ange. The programmed flows of the various
enok

pol ynmers al sg V@t e core layer is not exposed at the sprue nmark
at the central exteri®heousehefdnteérbayers sngerchl iide aof ctharB¥0HNnt of

SUrface | ayer | GRHEHDT PRRTISE, Raver’ oot oK fayd £V Javtn eofbalisrCy
i s the outside Forproduceysucts & wontainem pthenshree passage isozadecore
el atively expeR€i Baaae, 1840 neiRlaced WEth WO FIVe pRENaAS Adfale of
Isyers is cohOrshiiédaly comstmidtion: heWherat the finsideatand wutsitdehr ee
Pame A pref ers SHERREE JEVETE Y S8 ?@%e%%ﬁdgﬁgﬁ%ﬁﬁ%?ﬁfé‘é%i be°
pol yet hyl ene anusedl foropptindhnsedtayense oThe £dox fom dhatyramois
ethylene vinyl gkgolah GRRCPHBHoME6hld with part supplying the central
o1 . axial passageway to form the inside surface layer and
15 the balance supplying the outermost nozzle-annulaf
orifice. The two additional nozzle orifices are |
located just inside and Jjust outside the nozzle orifice
for the EVOH barrier layer. The two additional annular
nozzle orifices can be supplied with the interlayer '
2°;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 layers 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 polyolefin, layer C is the
barrier layer of EVOH, and two layers D are the
interlayer material. '

- EXAMPLE I
| ‘rf‘iire 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 cm), weighing about 11 g were made
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i gure 20 shows how t he oxygen barrier quality of the:EVOH |layer is
onfy a small quantity of water will cause a large increase in oxygen
pabi lity. For this reason, the EVOH | ayer nust adequately be protectéeg™
agai nst_the intrusion of noisture. 20 Polmol efins do not adhere well
to EVO—l Adhesion can be inproved by adding adhesion prohoters to the
pol yel«efl n, the EVOH or both. Another approach is to provide an

intérnediate | f d t thef
o Cofer e Y fetle A e GRLLROLYHBELY TP Andlk o BEEAT AL |1
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anhydride. The péﬁ% Def i E%rﬂﬂh@ﬂlvef ingerlaysnsmwere e¢thypdenet mimyle or

preferably isgang m e err]
[err] [err]. ?he en%f%e:bl%al \flggagg‘ewéi scl os%fdéyé @ébigﬁf‘rlnts
4,087,587 and 4,9087high @SMYfave found these nodified polyolefins to be

' swtabl e as interlayers to inprove adhesion between the polyolefin surface
| ayers and the EVOH core layer. [err] * -

Anot her suitable material for use as an i.ntrlayer to inprove adhesion

bet ween t he EVOH pol yol efins are nal ei ¢ anhydri de grafted pol yol efins sold
under the name Adnmer by Mtsui Petrochem cal Industries of 5 Tokyo, Japan.
The use of interl ayers on each side of the EVOH
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oxygeh'bar{ier-layer results in a five layer container. To produce such a
contaither, the three passage nozzle of Figure 16 is replaced with a five
pagsage nozzle of S .. .. 10 simlar construction. Were the inside an
outsi de surface layers are of the same polymer one ram can be used for both:
those | ayers. The flow fromthat ramis divided and proportioned with part
supplkying the central axial passageway t formthe inside surface | ayer and
15\t-he bal ance supplying the outernost nozzle annular orifice. The two

addi tional nozzle orifices are |located just inside and just outside the

nozzle ori f#g gieﬁgeaﬁcy bageaetlk@/warﬁﬁneylﬂo adildt anh&lﬂra.ldml ar
nozzl e orP?

an_ be_supp W t I r p 2,
singl e raﬁ?le&@rﬂW'ﬁ%fng JE#‘ 8&‘39%%%%} |%§dﬁaﬁ ??(Y' T hr e?v
naChlPﬁ cgg-progu?F1abievﬁrbnyxu:amaxyﬂn-(Bt@ﬁeroﬁegﬂon:PéﬂRbe19&HC|sed
over e er VS ”ekE f8880e0! 'the
controllagﬁﬁeFﬁnY?B? gﬁi% Héhg?e Zﬂkozz ﬂ%ut o val ve can be enpl oyed
to seIgctEyghqecbﬁprandthespgpwﬂéﬁqquM#nan§? Eed Payers of -interlayer
pol ymer and the barrier polymer can be treated as a single core layer. A
five layer wall is shown in Figure 21 wherein [ayers A and B are the 30

I nsi de surface | ayers of polyol efi Is the barrier |ayer of EVCH
and two layers D are the interlayer naterial. EXAMPLE | Five |ayer

Size (i e [orFive Bayes: cobradnpts eimityr ta HHPRE SoRRP E¢ tude’
usi ng 13 f j¥PeOhadibCRhEPEihethe dndide amdn omthaide, surface layers were
' polypropylene'(Exxou E612); the interlayer material was
plexar III, a blend of ethylene vinyl acetate copolyme: and
a graft copolymer; and the barrier was EVAL EP-F. The
layers were well adhered. The barrier layer extended to the
15 1lip of the flange and was completely encapsulated.

EXAMPLE III

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

EXAMPLE IV

Five layer containers similar to those of Example 1

- 30 ywere made wherein the inside and out51de surface layers were
a copolymer of propylene and ethylene (Hercules Profax
7631); the interlayer material was maleic anhydride grafted
polyolefin (Mitsui Admer QB 530); and the barrier layer was
EVAL EP-F. The layers were well adhered. The barrier layer

35 extended to the lip of the flange and was completely encapsu-

lated.



e\i nside and outside surface |ayers were pol ypropy- Iene polyethylene

bl otk copolymer  (Hercul es Profax 7631). The adhesive interldyers were #
Iene vinyl 5 acetate copolynmer blended with a graft..copolynmer of high-

sity- pol yet hyl ene and a fused ring carboxylic acid anhydride (Plexar
1615-2) . ~+the oxygen barrier was EVOH (Kuraray EVAL EP-F , "avail able from
Kur ar ay ‘Co. Ltd., Osaka, Japan). The layers wend well adhered. The barri er-
extended to the 5 flange lip and was conpl etely encapsul ated. EXAMPLE II'\/
Five layer containers similar to those of Exanple | 10 were nade_wherein
the inside and outside 5@r#b@emﬁhyégs°ﬁeF@ep89ﬂﬁﬂiﬂﬁ¥§mP§E§@@ﬂPE£§2¥ I¥he
interlayer material was Plexar 11], a bIend of eth Iene V|n etate

~copol ymer and a @hﬂtlQiﬁﬁﬁyﬂ%rscBﬁéugﬁe bggan &ee ?i ?hénﬁayers

~were wel |- adhered. The_barrier er extended t the 5 I| of th _

. and was conpl etel%}“e?n’éia%s%‘P %Ge RBL ROy e, 3&3‘ %ﬂéﬂ‘ﬁﬁr& i%ﬂ%ar
of those of Exanpl de wherein.th ) out surface

" layers were a 50 a§§‘qﬁ%‘f:ﬁi b?tﬁgiﬂﬁ?ﬁpyﬁénét(aé'%?é:laééﬁun%ﬁ ?’ #&nsi ty

- pol yet hyl ene ( Chenpl 5701 th erla naterla was Plexar and
P B e e emben} "Enb bR LKl VIRIS! Bl e, R L el iod”

encapeul at od. E%{Ef’%%r‘?#é‘ﬁ #‘aée%&%%%é?%n#t%?%f%‘? LT g
l:oggl \;,/\emrare g?dgr \cl)\%eﬁr enJ('ae 231%3(% §ﬁ§9%ﬁgr cu &g%(%yt?éf?ﬁgl n?erl ayer
naterlal Vas Wm‘%d%éﬁﬁﬁ“gﬁgfagéaié§gr polymer flow was terminated.
The words SURLYN ADMER, PROFAX  ExXON and
10 'CHEMPLEX used hereinbefore are Registered Trade _g
Marks.
Features of thg molding processes-disc105ed
hérein form the éubjects of the claims.of our
copendlng appllcatlons 8106700 (Serlal No. 2,070,507A)

15 and 8309410.



polyolefln (M tsui Admer QB 53Q); and the barrier layer was EVAL EP-F. The
Iayers Wkre wel | adhELed—~¥he~barTT§F_Tayer 35 extended to the lip of the

flange and g@@as conpl ete - I'n the making of the . -
cont ai ners of Exanple “\Mﬁﬂ \H |on schedul e began feeding the i nsi de
and ouytside surface I mer st hen t he yier for the adhesive E
interifayer was started and substantially 5 °~ sinultaneously the barrier
| ayer~pol ymer was started. The flows of the adhesive interlayer polyner and
the barrier layer polyner were term nated before the outside surface |ayer
pol ymer flow was term nated. The words SURLYN,- ADVER; PROFAX, EXXON and 10 .
CHEMPLEX used her ei nbef or@lanims Regi stered Trade Marks. Features of the
mol di-ng processes disclosed herein formthe subjects of the clains of our
copendi ng applications 81D6708ppSentals Mor MIANGOTMpulEi-dnyed309410.
Clainms: 1. Apparatus for making a nmulti-layer injection nolded article,
conprising: 1) ipgjaction mokdedngrtielie,owaprisingt 5 pol ynmer stream
to betone one surface |ayer of the article, 2) neans for creating the flow
of a second pol yner streah taneensnﬁorh@mmmgutlﬂacﬁlbuyerf af fiimst
article,

5  polymer stream to become one surface layer of the

article,

2) means for creating the flow of a second
polymer stream to become the other surface layer of the
article,

10 _ '3) means for creating the flow of a third
polymer stream between the_fifst and second polyrmer
streams,

4) means for independently terminating
the flows of the said polymer streams, and.

15 5) means to control the independent means
to coordinate the termination of flow of the three
polymer streams.

2. Apparatus according to claim 1, wherein
the means for independently terminating the flows

20 are coordinated by the control means such that the
first polymer stream is terminated first, then
the third polymer stream, and thereafterjthe second
polymer stream.

3. Apparatus according to claim 1 or

25 claim 2 including means fer indcpendently céntrolling

the flows of the said polymer streams.



“*

%2 R 3) nmeans for creating the flowof a third polymer stream .
{beymeen’ the #hrst and sec eans, 4) means for independeft]y :
grmnating the flows of the sai mer streans, .and 15 5) 4
means o control the umnmi “EM‘ to cooYQinate the termination of
flow of the three pol: MRS SBETS 2.4 Apparat us acecording to claim1,
wherein the nmeans for independently termnating the flows 20 are £
, coordinated by the control means such that the first polynmer streamis “*
i~ terminated first, then thedthi Apptates sccoadinandd helaiaht 3 whersdoond:

pol ymer stream 3. Apparatus according to claimi1 or 25 claim 2
i ncl udi ng means fthei adepevdemdansortioh| cagriiaafieoviElaf t he sai d pol yner

streans. 4. - Apparatus according to claim3, wherejn the control rneans
whi ch coordi nat e téominatdonatiunther t¢eerdivagendte tdperpeiani of dhet he
fl ow control nmeans during each injection cycle. 5° 5. Apparatus

- according to claiflow eongrel meagrerduningeepshndngectiion eayelehe said
- flows are operative independently of one another, -and the control means
whi ch coordi fate flow t er nPnat iARPILAtRRraceording &a laberdii 8n of the
10 said fl-ow creating neans. 6. Apparatus according to any of clainms 1 to
5, wherein for eadhoBolynwheneisnfhegneans yhiehdargaig ebe dsapacing |
nmeans to create the flow thereof and neans to _control operation of the
flows are operative independently of one another,
and the control means which coordinate flow
termination further coordinate the operation of the
10 said flow creating means.

6. Apparatus according to any of claims 1
to 5, wherein for each polymer stream there is
provided polymer-displacing means to create thé flow
thereof and means to control operation of the

15_ polymer displacing means, and the means which
control and coordinate generates time;displacement
schedule signals which are fed to the means which
control operation of the polymer-displacing means.

7. Apparatus according to claim 6, wherein

20 the polymer-displacing means for each polymer'
stream includes a ram. |

8. Apparaﬁus-étcording to claim 7, wherein
each ram is fed with pol&mer'from a plasticator
connected thereto.

25 9. Apparatus accofding to claim 7 or claim 8,

wherein the means which control operation of each



15 pdﬁyﬁé}.dispraqing means, and the means which control and coordinate (Sié;P
gener.ates Line=dispyiggﬂgpirgghggglg_§LgnaIs which are fed to the neans

whi €l control oper at- € polynmer-di splacing means. 7. Apparatus

according to claim§6, ' pol ymer - di spl aci-ng neans for each

pol ymer “stream i ncl udémﬂ‘m“mmm\mu r at ushéccordi ng to claim?7, wherein
each~ramis fed with yrer Lf roms gl asti c&Por- connected thereto. 25

9. “Apparatus according to claim7 or claim8, wherein the neans which
control operation of each pol ymer - di‘spl aci ng ram i ncludes a hydraulic
actuator having a feedback servo control]er responsive _to the al gebraic sum
of the ti nme- dipgyllyrssmsditsBlARing cap giafludes aar Brdsesldico RSKURET pr oduced
by a linear 5 transducer sgnsitive t0-disglacenent of the ram 1Q.

Appar at us acchedting o HRRARFCK | SRHEC 1CPRETOLIRT  FeERRPSLiVEs &2 1% cavity
to receive the polyner streang via apn inpectjion whicth inpjects the fiJst

pol yrer i e a sd@REAL s S AR (1 (e B SBASSRRERE SEHedila figmahe
second pol yner, and which injects the third.* | ymer. i.n_an annul ar stream
bet ween t he fian %mmﬁ#w ViegRa r%ﬁ?r@?m%%. %YAﬁp S®F according to

any of the precedi clainms, Mmhich comprises an injection npl.d 15 and a
CO{e pin ;j%gﬁﬁ@P%%éﬁ?ﬁr%f45%gkﬁ?yt?gafﬁBiaf%Eegtkg hgﬁ?fﬁiﬂqtheb .

‘pol yners, ich are a ed, t o _ .a an entra _ ottom
thereof, neans for tr-a?sé'er %ﬁrpga%%gu%%%ééﬁ&#ggal&& %\%’vgfrmcfgicﬁ'galcnte}\e/i ty having
the configuratin &f AR ch comprises a mold cavity to receive the

poiymer streams via an injection which injecté the first
polymerfin.a central stream surrounded by an annular
10 stream of the ‘second polymer, and which injeéts the third
polymer -in' an annular stream betﬁeen the first and
second polymer -streams. _
1l. Apparatus éccording to any of the -
precediné claims, which comprises an iﬁjection mold
15 and a core .pin fogether defining a cavity for
' moiding a éarison from the polymers, which are
admitted to the cévity via an entrance at the bottom
thereof, means for transferring the parison to a
blow molding.cavity having the configuration of the
20 article, and means for inflating the parison in the
blow molding cavity to form the article.
| .12; Apparatus accordiﬁg to-claim 11,

wherein the blow molding cavity is shaped to mold an



article, ‘and means_for inflating—the—parison in the bl ow ol ding cavity
ofoxm’the aRticle. 12. Apparatus rding to claim 11, wherein the blow

g cavity is shape“““ ! ﬁm “mtrticl in the-formof a rigid, ¥
| flL.ayer contai ner. Maccording’Yo claim1l or claim 12, :
4,

conpri ses one injébtfon no two 5 bl ow nol ds, 1ocated one to }
either side of.the injection nold, and two core pins nounted on a plate T, °

. supported to traverse hetween POSpiions i Ghsy e or inin turn
registers with th@ﬁiﬁéiﬁi%ﬁl ?d?g¥We86I§&%%§%%'§§$%81§ a?SEéted that a

10 respecti ve one q{ ﬁgﬁﬁcore pins registers therewith when the other

core pinisin re&QQ %} th the injection nold, so that a parison can be

nmol ded while a previousl y-?ipig%gﬁé%gggsi %é@%ﬁé‘?f%‘?;??ﬂa&g Qe ¥ . ot her

bl ow nol d. 15 1 us "accor di ng wherei n the

' nj ection mold hag,af 4 rﬂfﬁ%}?ﬂcﬂo&&nﬁx‘%@%@idﬁ% ﬁg?j:%%&fﬁ%ho” Wdre end

of whichever core pinis presented rn"the 1 njec € ndzzl'e havi ng

a plural ity gf copsey HdRldy PLEANERTOAE P S dfer {PReCYRALYEND at | east

three pol ynel" streans into the no orma pari-son conprising at |east

the sai d control LAt Rt IhOEE, BA BE Cok e Bihs WRinE 38 BRD S P
T ged to coordi'nate the neans for .

| ndependently 25 subdPeEd 148 £88vELAES HtiledifsdiLlorl TREWRYOH™
each core pin in turn registefs with the injection
mold, the blow molds being so located that a

10 respective one of the'cbre pins regiSters
therewith when the other core pin is in registry with
the injection mold, so that a'parison can be molded
while a previously-molded parison is being inflated
in one or other blow mold.

15 C 14. Apparatus according to claim 13, wherein
the injectibn'mold has an-iﬁjection-nozZle therein
located to confront thé end of whichever core pin
is presented in the injection mold; the nozzle
having a plurality of concentrically-arranged orifices

20 for expeiling at least three polymef streams into
the mold, to form a parison comprising at least
three layers, namely two surface layers and a core
layer therebetween, and the said control means are
SO arrahged to coordinate the means for independently

25 terminating the flows that injection of the polymer



whi ch.forms.the surface |ayer agai nst the core pin ceases first, then the_. Cé?i
polynaﬁ\Mﬂch forns _the—eoeretayer and finally the polyner which forng-the

sur§act | ay# agai nst “l he nold Qy’cohfrdnting'the core pin
15. Apparat us accor\ﬂ“ﬂ\mm““ e precedMng clains, including neans for
i ntroduci ng a fourti¥ rmst$eam between the first and third pol ymer
streans, nmeans for introducing a fifth 10 pol ynmer stream between the second
and~thi r d pol ymer streanms, and neans for controlling and for term nating

the flows -of thaMiochtfoams thet BUssianferlaferagaingt APGacan® for naking
a multilayer 15 nolded article, substantially as herein described with
reference to angpixs ePR%RS| FLERE, atOSRH ARG RPWBRAFnYBichh&arma of the

ypeseript . | EmycoRBLaY A 2anAy EARGNIREFRS RAFERCRT WIEH {1 oul t to-
o ected oe et S SRRV i bUEE " TR U rona
. 5 confronting the core pin. |
15. Apparatus according to any of the
preceding claims, including means for introdqcing
a fourth polymer strgam~between the.first'and third
polymer.streams, means for introducing a fifth
10 polymer stream between the second and third
polymer streams, and means for controlling and
for tel‘:'minating'the flows of the fourth and fifth
polymer streams.
16. Apparatus for making a_multilayer
15 molded articie, substantially as herein
described with reference to and as shown in the

accompanying drawings.

l t8 original

£ th cification has been reproduced by photoe?pri_.ng the applican
htne. :;:ibp:. eI:p.w contain & few amendments which are difficult to read. The orggi.nnlfﬁ
typesoript containing these anendments may be inspected on the premigses of the Patent o8



