"LAM NATES OF METAL AND POLYESTER FI LM This invention relates to | am nates
of sheet nefal or foil and a polyester film a nethod for prepapdid /& GO
| ani nates and hol | ow vessel s drawn fromthe |aninates. Qur copénding. .
Eur opean Patent Application Published jNo. 0312304 descri bes | ami nates of (
sheet ‘metal and polyester filmfor use in the manufacture of can bodies ~
formed by drawi ng and wall ironing. A lam nation process is described in
whi ch a thernoplastic |linear polyester filmis |lam nated onto the surface
of hot nmetal sheet by passage between rolls. I'n the I'am nati on process
described the nmetal is first heated to a tenperature sufficient to achieve
at least partial adfi&AMINARES fQF IMETAL (A ¥ESTER QFILME ol yester to
the metal as they pass between the rolls. The resultant lamnate is then
reheated to a tenperature ,above the nelti oi nt _of _th | yest er and
thereafter queRBA&d IRYGHLPD Wﬁﬁ%c&i%‘éf’?ﬁ?%sl afi ﬁgﬁgg’nx‘&fiagoﬂfesters
in the orfgplednér angolydstded iSingt & netldibyEopnptraparingr smahoext r usi on
of two polyesters. e ve -ohbser.v. t [ t | ami [ process
descri bedi¥ﬂ183 eEP—"“RIdPM ‘%easﬁéj%]f%géj%‘-’e‘xwusée’fs%r? ?g?ri %g%ngg&o al umi ni um
and pol yest er Ourmciopead imrfimapednrBatent \Appbicatias Brbldgdedol ecul ar

wei ght s ti a | NG ol P ' eah@at o the formof a
hol | ow vglgéépggggfﬁ‘}agteag%%éow can@tl%g ﬁtseﬁg?kﬁgfﬁ%rghgf t hese
pol yest ereeivastes &ilmdanmaaripoine rrvtagusecaht 6agr fodigsction

whi ch joi psrinB8 &9 @AWY t4hd twaBl dbrowing. The Lamihatdons prydess |y in

t he form of a cragk i.ch ext e)_Pds %I]o,%? ti’ue €nnu#are§ rti° n aanerjtransverse

to the teh8iAESFEE &t Y P AP eI R LA T £t 1 of ¥ ggﬁc enters a die

to Hfamlafﬁmm.ibfudmiu#ﬁadlanubishe surface of hot metal sheet by éé
passage between rolls. In the lamination process -

described the metal is first_heated to a temperature
sufficient to achieve at least paitial adhesion and

fully intimate contact of the polyester to the metal as
they pass between the rolls. The resultant laminate is
“then reheated to a temperature above the melting point of
" the polyestef and thereafter quenched rapidly. The
process permits lamination of polyesters in the oriented
or non-oriented state, be they monolayers or a coextrusion
of two polyesters. '

We have observed that, whilst the laminating process

\ described in our EP-Al-0312304.can produce useful |
laminates of aluminium and polyester film in an amorphous QJ
form; polyester films of lower molecular weight sometimes
fracture during drawing of the laminate into the form of a
hollow vessel such as a shallow can. The site of fracture
of these polyester films is.on the annular portion of the
arcuate cross-section which joins the can bottom to its
side wall. -

The fracture is typically in the form of a crack
which extends along the annular portion and transverse to
the tensile forces arising in an axial direction as a
punch enters a die to draw a cup. If the drawn cup is
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-2- placed on a punch and pushed through one or nore wall ironing dies the
crack or fracture; typi cal |y several mcrons wide, in the polyester film

i s*wi dened substantially and the coating's protective properties are |ost.
US 4272475 teaches the ,use of a polyester resin of nolecular weight 12,000
to 20,000 for producing a sheet and subsequently form ng shaped articles
such as a helnet. It does not recogni sethat polyester resins degrade in
nol ecul ar wei ght in both extrusion and water quenching fromthe nolten
state. Wthout careful control of these processes the nolecul ar wei ght
falls and tphaicald ctva pandharamd pushed ahdug?b ,di) dm nidre wadiln to bel ow

9,000 inth d £f.qr fi t her mal Lnat i yenchi ng. At
nmol ecul ar .véfé%qé%bgl%ﬁnﬁgu?’rféioﬁ ftgﬁ‘?gﬁ{o}?eyeg& ?‘s%%(} Es;elvt . 2‘ and do not
f or m succesgfigirions widleougpi rtheppedyester Fdllagt iish wifdepeld/est er resin of
mol ecul ar weiaate ;31£QR8 135 466 HH €} S e ' r’bﬁiéf i5Q to
achieve a | am natag1 of%qulsyest erﬂesﬁj)r%! ar?gssheet r?egtg]‘;%y t errfn%%lsia%trﬁenat I on,
sui t abl e f oRO®tawi ng of a cup. US 4,272,475 teaches that it is possible to

formarticles fros @2’ iteadhy aeeuse s digolwRdtae ralaier wrd t hat
for dewp or BALASHIAT RITHG SAA00 o 0o EaE Reaibietish % RHARR ogr aphy
was used toante exubiseerdend ol foommiarg \etiagied afr bialiesusyohl yestaehelnets
e SR T AR GO Yl R
apparent thfolecular weight in both extrusion and water quenching
| from the molten state. Without careful control of these
~ processes the molecular weight falls and the fall can be
Qramatic_from about 25,000 in the resin to below 9,000 in
the coated form after thermal lamination and water
.quenching. At molecular weights below about 13,000, the
polyesters are brittle and do not form successfully in a
cupping press. The selection of polyester resin of'
molecular weight alone as described in US.4,272,475 is
insufficient to achieve a laminate of polyester film and
sheet metal by thermal lamination, suitable for drawing of
‘a cup.
US 4,272,475 teaches that it is possible to form
. articles from crystalline polyester sheet but we have
(vf observed that any crystallinity in the polyester coating
- produces a laminate unsuitable for deep drawing and wall
ironing into cans. _
| Gel permeation chromatography was used to determine
the molecular weight of various polyester films
compared to polystyrene standards before and after
lamination to an aluminium substrate. Judging from cups
drawn from the laminates it became apparent that
polyesters of higher molecular weight are resistant to
cracking during the deep drawing process.
In a first aépect'this invention provides a laminate
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pol yesters of higher nol ecul ar meigh§:$re resistant. to cracking during the
deep drawing process. In a first aspect this invention provides a |am nate
-3- of alum nium or aluni nium all oy sheet or foil and a film of Ilne r .
pol yester characterised in that the polyester on the lamnate is in3he
form of an anorphous coating, has a nol ecul ar weight of at |east 14, 000 as
measur edl dnum@eiunp6r NEBNLIUNC AL oy shgtaphyfoil nam prefler 6£d ieedodi ment t he

POy eShelydskel %Sra& 1804 Ng! ghﬂaéh%g)oh Jekl Memmy Qstlvxe@neo 4 and

t he |h9§ﬂ? ﬁ?e § P@HF2§%€t§ gtal:l)"l fbr raw ng cup shapedgﬂ%ssels

whi ch hﬁyOOOfademeaed;eﬁebwameh m@nmsah;qnu9h§ﬁmatqs¥an#xﬁh of the side
wal | of thexﬁUH mesér\éa%ﬁlboaﬁ%zﬁd lﬁﬁé"ﬂ&@ﬁs@éﬂ%ﬂﬁ'%@'il@é’ sheet or

foil may be a rcial ur.e alunlnlun1 altern tlvelg gn all oy such as
3

t he nahgtamgﬁpnhgﬁeénumr&ﬁ%%mlaﬁqw treen | Gy2 \eRA3bod % 3104 in
for i nﬁé&%?ehllgyt génebelr&lela&ﬁttﬁ‘ Ghroatatiogk #ghy or al ternatively al uni ni um-

whi.ch
B o i um POy BRSER. BoBRIh 4 e At € Par e LRBAPREL VS ot o
foi l naultﬁbdesEbeddhawanguantnLnun shannﬂcﬂessgksswhaghomarayef or
pref er@%k!réﬂ Ea%%ltlr I £ idlerd4¥dN e A1 EAGORT ST tREOSDAS Qa0

whi ch ere ar nown comrer cl al passivation treatnents or alternatively an
anodi sef Qhﬁdéupsﬁéﬁﬁﬁé PessfHori ¢ acid anodi sed. In sinple enbodinents the

| am nate hagng laqluyrashefm fod ANOnign CADERP $hest not efohl smagnberai ng to
the gegg&ggrc1aqﬂy pure alu&zﬂf&m or alternatively an alloy such as
the manganese/magnes1um/a1um1n1um alloy such as alloy No. 3004 Q,/
or 3104 in for instance H19 temper is used for can bodies, or
alternativeiy aluminium magnesium alloy such as 5182 which is
used for can ends. Alternative aluminium alloys/or can ends
include alloy 5045 or alloy 5182. The sheet or foil may if
desired have the natural oxide or a passivation layer or
preferably a surface treatment in the form of a chromium/
phosphate of which there are known commercial passivation
treatments or alternatively an anodised oxide, such as
phosphoric acid anodised.
- In simple embodiments the lamlnate has a polyester f11m
coating chosen from materials conformlng to the general formula:
2 9 |
— 0-C-R,~C-(-0-R,-) .= o . \U
in which Rl is a divalent hydrocarbon group at least 60 mole % of
which consists of p-phenylene groups R2 is divalent hydrocarbon
group at least 60 mole % of which consists of -c2H4—groups
with A=1, A is an integer, applied as a film to the metal
substrate. The film may be as cast film, or alternatively as a

cast and tenter oriented film, or a blown £ilm.



in"which RL is a divalent hydrocarbon group at |east 60 mole % of which
congi sts ek p-phenyl éne groups R2 is divalent hydrocarbon group at |east 60

nol e % of Which consists of [err] grodps with A=l, Ais an integer, applied
as a filmto the nmetal substrate. The filmmay be as cast film or
alternatively as a cast and tenter oriented film or a blown film -4-

In one enbodi mentn eme prbedimentpothespreferredi podyesterafsimf iismawith a

mel ting poigdndlade fﬁrﬁew£6ﬁri ﬁ@l@@QgcboIhﬁ 3dditheoRahgd! 9boke sych a
pol yester may ge di ethyl ene glycol | m may be orienfed, oriented and

crystal | i ne25@dst E?‘R)@Féﬁ‘i’é’éabrdi@llo%m SUF‘P %Ppbfﬂséﬁf' makiebd i | m ori ent ati on
Wl typi cadigathelenedgiedoby drhgl fglnnmarebanslrieated] b&aaatéasand

contont of THESTRIERNSY  SpbE.tnbeLenRbachs: BIRVAR, FE: oEiEBERRentrEl
pol yest er ffilmleragptaEdoaswaltobxpuadkﬂyfbenpcodpcedlbg a layer of
pol yester sych, as %p ygﬁ%yﬂnﬁéﬁxﬁérSHBaEEl&ﬁs%Qsé h§¥%t‘i‘§:|rx%°8 | yester of

| ower nelting poilnt conbnhoner cont ent I cal osen from a
group consi&YRPkeRbEY a3 cBPo yéeléraéteétﬁyﬁéhégg|ygbp sﬁ88¢éiépnﬂﬁa||c acid

and 'SOphthééﬁEeﬁﬁ'éf Eﬁéeﬁbiﬁaisct?ﬁléaﬁﬂﬁ s%hxbese%glycol and di ethyl ene
gl ycol ; and tergf thallc aci d

8 | ene k col g i cl,ohexane
di met hanol , sai dtRhdReRhepperha PE?nEeFU?nB eﬁ&ﬁa B %péﬁyéPR}Féﬂe
t er epht hal ad® & ocdéet ab88d NE UDmOtomp Bk DhyMaallhgrs viEs pbatyes télre sagher

Pl form SheootRingfeft EPLEPngiaPR SBBCH) Sabek ¥F; Jopotte &%#Zhsh? e
AchhevenentlwwerhmelﬂesgrpdlahnapﬁthQQQalcbyonmeMecontent,
~ typically chosen from a group consisting of a copolyester.

of ethylene glycol and terephthalic acid and isophthalic
adid; terephthalic acid and‘ethylene glycol and diethylene
glycol; and terephthalic acid and ethylene glycol and
cyclohexaﬁe dimethanol, said chosen cbpolyester serving to
bond the polyethylene terephthalate to the aluminium or
aluminium alloy substrate. '

The outer polyester layer, may be oriented or
oriented and crystalline whilst in the film form, but it
is desirable that the copolyester layér be amorphous.

Achievement of this desired amorphous quality in the
polyester layer or the copolyester layer if present is

L/: achieved by control of the temperatures in the film
heat setting processes.'

The entire polyester coating after lamination must be
in an amorphous condition. Apparatus for achieving this
condition are described in our EP-al-0312304.

Accordingly, in a second aspect thus invention
provides a method for laminating an aluminium or aluminium
alloy, in sheet or foil form, to a polyester film by



pol yester |ayer or the copol yester layer if present.is achieved by control
of the tenperatures in the filmheat setting processes. ‘The entire

pol yester coating after |am nation nmust be in an anmorphous condi ti on.’
Apparatus for achieving this condition are described in_ our EP-Al- 03f2304
Accordingly, in.a second aspect thus invention provides a nethod for

| am nating an alum niumor alumniumalloy, in sheet or foil form to a
pol yester film by i nfl.uence of-%meat and pressure, characterised by
provi di ng pol yester filmhaving a nDIecuIar wei ght of at |east 14, 000,

| am nating the filmto the sheet or foil ure T1 to adhere the
film t(}ntfa-él%’fﬂ?epfo mead; (angh PLeFi R ﬁﬁar %:eerc’geté\ Y reheating the

| am natye-dvd d g HRAIRster T 1ab weer idee acm;cslteddlale weighmgoi)oamt of the

E’S'né.efh%%%% R L P L R B s gt

that t e trenpemadtarreneflghto cfdhenre pthe/e%ﬂé! %aﬁhmgsh%e*atox ef@il 14, 000. The-

actual ol ues, ol d SR Codiladi, 3néhd: POk Ofud g8 osrii s of the

polyesf%r aNd Metal tsurface condition chosen buf, T1 w |l be above the .
ef f ect ibempetature (B2 rmbaejre tHhe p%?%%ﬁjelflﬂ%/ﬂ%]a‘l"r%ﬁ BRRE BbutP®err] for a
hi ghl yﬁl;fé!iﬁk Cryed A nd rn ATy reowiid N ¢@ly | dgoBing ethi¢ or between [err]

For m Aamirh Yostar (o cratandich | £518 tomesa iR e obs REaRe s ot el
to [errfimdlovicap e qmérta:mq)omtwater hmcmtiehapotlyesmeleculer 2400C to
he Dotk }ht RSB eEP Abouend el lat LOgeuend, 66u2! akhbsation of
e poI %hd este surface |nteract
adequataad:tyqa].)uwalyee@vp@bmmperatures Tl TZ and T3 depend on the ‘J
properties of the polyester and metal surface condition
chosen but Tl will be above the effective melting point of
the polyester typically above about 280°C for a highly
oriented crystalline PET monofilm melting at 260°C, or
between 140°C and 280°C for a coextruded highly oriented
PET f£ilm containing euitably formulated copolyester
layers., T2 will be typically in the range of 10°C to 80°C
above the melting point of the outer polyester, i.e. 240°C
to 330°C and T3 will typically be above 200°C to prevent
crystallisation of the polyester and ensure the polyester
and metal surface interact adequately, but below about
300°C. Temperatures T2 and T3 are measured by pyrometer o
typically measuring the emltted radiation of wavelength , \,)
about 7-9 microns. ' _
In preferred embodiments of the method the polyester
film is applied to both sxdes of the aluminium or alloy
sheet or foil as either a sxngle layer of polyester or a
coextrudate of two polyester layers. The '
lower melting point co-polyester layer is applied to the
major surfaces of the metal to adhere the film to the
metal. In this case the temperaﬁure Tl is related to the
properties of the copolyester layer which, is preferably
amorphous.

A



[err] -Tenperatures T2 and T3 are neasured by pyrometer typically neasuring
the emtted radiation of wavel ength about 7-9 microns. In preferred
enﬁodlnenhf of t‘he method the polyester filmis applied to both sides of
the alum niumor alloy,sheet or foil as either a single |ayer of polyester
or a coextrudate.of two polyester |ayers. The lower nelting point

co-pol yester |layer is applied to thelnagw surfaces of the netal to adhere
the filmto the netal. In this case the tenperature Tl is related to the
properties of the copolyester |ayer which, is preferably anorphous.

Various enbodmentiyg Midds aMdamedRse Wigd 4 V@’ aés@f&%ad SRRAPdH

reference to the _acconpanying draw ngs i n which: Fig. IS an enlarged
sectioned sieFemRAL&y &4t %ﬂc%ﬂ§ﬂnQHQMﬂQQQWBPgﬁﬁPQMﬂﬁﬁﬁﬁﬂgsf44rn
Fig.1B is amniem.arged sectioned side view of a lannate of a surface

treated alumniu aII and ol yester film,_.Fi S a di agramatic vi ew
of a press tool, rﬂ@r r%’ a&g{.ﬁd tlﬁi%dz é‘%rd'hd cl osed
positions. Fig. 3 is a slleatmtn‘ dﬁlahmp.rw\mwaig.dmeadd)qmnmuﬁr a

fracture in the polyeste d‘h[nl Fig. 4 is a sectioned side view of a wall

iToned can. Fig.5 i s a di'agram of | am nati ng apparatus used to make the
| ami nate of Fig. FASrlBIBisriag @nlarged gﬁﬁﬂﬁ%‘)j’rﬁﬁn figle mleweqferdat ure of the

laminate of a surface treated aluminium alloy
and polyester film.
Fig.2 is a diagramatic view of a press tool, for
\ . blanking and drawing a cup, showing open and

N~ clcsed positions.,
Fig.3 1is a sketch of the cup showing the location
- of a fracture in the polyester film.
Fig.4 is a sectioned side view of a wall ironed
can. _
Fig.5 is a diagram of laminating apparatus used to
make the laminate of Fig.lA or 1B.
Fig.6 is a graph shoﬁing the temperature of the
' materials of the laminate aldng the
apparatus of Fig.5; and o
Fig.7 shows our alternative apparatus having a pair
of weirs. ‘ ' '
\Vf .In Fig.lA the laminate comprises a first polymeric

film 1 of a polyester such as polyethylene terephthalate
(PET) typically 10 microns in thickness; a co-polyester
intermediate layer 2 which is typically 2 microns thick; a
layer 3 of aluminium alloy such as alloy No.3004 of
thickness typically 300 microns; a second intermediate
layer 4 of co-polyester of similar thickness to the first
intermediate layer, and a second polymeric f£film 5 of PET
of similar thickness to the first polymeric film. The
layer 3 of aluminium is shown as having surface treatment
layers 6,7 which are desirable. If present, the



material s-of the | anminate along the apparatus of Fig.5; and Fig.7 shows
our alternative apparatus having a pair of weirs. In Fig-lA the |amnate
conprises a first polynmeric film1 of a polyester such as pol yet hyl ene
terephthalate (PET) typically 10 microns in thickness; a co-pol yestest
internmedi ate layer 2 which is typically 2 microns thick;” a | ayer 3 of _
al umrnium al l oy such as alloy No.3p04 of thickness typically 300 mcrons; a
second internediate | ayer 4 of co-polyester of simlar thickness to the
first internediate |ayer, and a second polyneric film5 of PET of simlar

t hi ckness flacd herda tmséntpalaynee ;a fmixed dhmohigerpBosphatenbni umi s shown

25 Mavid SRR OO Bl SVGERad ol £0 27 cofeabRaPLE gligPresent the

-7- surface 1 € a mxed chromunmp e or eérnatively an
anodi c amxddiseslictkim@ea phosphoric acid anodi sed oxi de. The copol yester

i nt di at i '
i nt er nedi a q-ﬂ@y&;p%lﬁ%ﬁ‘?%ﬁejtj?&/?ﬁﬁ‘e& ycgiralféi-érzﬁnd 4 may be a

| sopht hal ate-tere ene g or alternative

t er ephCeRcdashen | Thel sppRENa ta e tigerh ghataterathyitenaofprend state. The
i Nt er Mg ah18: A0 WS CEet @YIREisa Pa ek thyl énd 0yl pbypyaigengssnsy. | f
desired the first and secgn fI|€S 1,5 ly q; | ngntgd_mnt titani um
di oxi d&HFPIEAR | PR ANPRRPYEE 253 FF vk ﬁg at -F%’é’g? 28“®icrons. In Fig.1B
t he | amdovgiol yeastpet shsyers | 2 sangod yarse emot | ahwdyst yeceakyy8 to 12 mcrons
|0 Lhi cknessie Aid ¥l dupl 1M Nk 8ldQa SEET@s) pE- 00 1pa! L1 ckness
ypi cally 300 m<crons; a second polyester Tayer Qp[ca lﬁ simlar
pigmented with titanium dioxide and may ,if desired be as
thick as at least 25 microns. _
In Fig.lB the laminate comprises a first polyester \‘/
film 1, typically 8 to 12 microns in thickness; a layer 3
of aluminium alloy such as No.3004 of thickness typically
‘300 microns; a second polyester layer 5 typically similar
to layer 1 or of different thickness or pigmented with for
example titanium dioxide. The layer 3 of aluminium is
shown having surface treatment layers 2R and 43 typically
a mixed chromium phosphate or an anodic oxide typically
derived from ancdising in phosphoric acid. The surface
treatment layers are typically in the thickness range 10
to 100 nanometers. _ _
The laminate of Figs. 1A and 1B are used to make
containers by drawing betweep a punch and die shown in \u)
Fig.2. 1In Fig.2 a blanking and drawing tool comprises a
cutting ring 11, a blank holder 12, a punch 13, and a die
14. The punch 13 has a nose radius R typically 3 mm but
in a range of 2 to 6 mm can be used. As cah be seen from
~the right'hand side of Fig.2, during passage of the punch
13 into the die 14 the trailing edge of the cup is
restrained by pressure exerted by the blank holder 12 "~
acting against the top face of the die. Motion of the
punch 13 into the die 14 therefore imposes a tensile force
on an annulus 15 of cup material at the punch radius.
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to layer 1 or of different .thickness or pignented with for exanple titanium
di oxi de. _The layer ‘3 of alum niumis shown having surface treatment |ayers
[efr] andzlerf] typically -a m xed chrom um phosphate or an anodi ¢ oxi de
typical ly derived from,anodi sing in phosphoric acid. The surface treatnent

| ayers are typically in the thickness range 10 to 100 nanoneters. The

| ami nate of Figs. 1A and 1B are used t@-make containers by draw ng between
a punch and die shown in Fig.2. In Fig.2 a blanking and draw ng t ool
conprises a cutting ring 11, a blank holder 12, a punch 13, and a die 14.
The punch 13 has Fagn@sehoatd s d2awpicmg 134 Jummhdduit byn %0 mamgeidd 2 to 6 mm

b " ; ot . : , .
passage of BESAUSE £iHn LHL WIHHS 190 Wil il U dnd bt SET 1D
restrai ned BigpressBve appdricadion afe appnaptidteeblenidialdemdaadt t he
top face of Jhfde dBicAce MH ISl tifblld @ 1IUATENCES Betwed & Hl Sukfed haief ore

I nposes a tensile force gn an annulus 15 Qf cup material "at_the punch
radi us. dde.rithes clip, has; ety idiee & ten |(waltl dep rﬂﬂ%%‘éﬁnr‘fiﬂced
fromthe bl &K whehnard audstantidlls teeplalofiFithizkidsHp@ddmaiadn of

pnch and. a5 Qs el RheY) o e s, A Sl A ARES,
whi ch are swivsiradili.al [Boweyes, iwe thawsk mhssrwshdhat 'taminakgsheof hi ckness
f‘;\ the bl anl&lfﬂi];ﬁmn% %ﬁg@f\{ég‘%ﬁ‘ﬁf‘é A -réi%’\ﬁ‘(ﬁ‘é]iy oo Gl SRSIE Y €
at lam nates of alum nium and pol yester filns_of relfatively I ow nol ecul ar
vei ght are ¥Helahh iare ssaeRidvg) F anecking af dheg inqheastere Hdmiiak of
arcuate crogthes ¢nudusl f\rdudtd ross section 15 which joins
~ sidewall 17 to bottom wall 16. In the table which follows
this crack is tabulated as CRF (cup radius fracture) one
such créck F is shown in Fig.3 to extend around the |
annulus as an elongate fracture typically, 10 microns
wide.
Fig.4 is presented to show that the side wall of the
cup of Fig.3 can be pushed through a die by a punch to
elongate and thin the sidewall 17A. Whilst the metal and
polyester of the sidewall survive intact any crack at the
cupwall radius R becomes enlarged and the wall ironed
container is unacceptable for use.
In the following table the susceptibility of various -
L{; laminates to cracking during a cup forming trial is shown
in terms of initial molecular weight of film, molecular
weight after lamination and gquality of cups formed



éldemall.17 to bottomwall 16. In the table which follows this crack is
tabul ated as CRF (cup radius fracture) one such crack Fis-shown in Fig.3

to extend around the annulus as an elongate fracture typically,
Fig.4 is presented to show that the side wall

wi de.

10 m.crons

of the cup of Fﬁﬁ.B can

be pushed through a die by a punch to elongate and thin the sidewal | 17A

Whi | st the netal

t he cupwal |

Al um ni um Exanpl e

Mol ecul ar St ruct BX@
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Anorpho%% 12
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and pol yester of the sidewall
radi us R becones enl ar§ed and t he wal |
unaccept abl e for use.
| am nates to cracking during a cu
initial nolecular weight of film
quality of cups forned

g trial

R e

Severe CRF 2

survive intact any crack at
i roned contai ner
In the followi ng table the susceptibility of various
is shown in terns of

ar weight after
-9- TABLE 1 Properties of Polyester Coated

Pol yester Fil
tew ot Eoiven
Anor phous 10780+510

for EPaveREey LM danipased Pty et iRt T bror s

is

| am nati on and
Properties Type
Weight 1
BO 17890+1230

No

BO Type00ModzsulampSiresurss2Mdarulay Germability 1

WARME680  No CRF 7 weight
: BO 17890+1230

17890+1230

BO
Amorphous

Amorphous
Amorphous

Amorphous

Amorphous
Amorphous
Amorphous
Amorphous

Amorphous
Amorphous
Amorphous

12530+8

CRF 5

27950+1220 Anor phous

Anor phous - Severe CRF 8

17800+800 No CRF Poor Adhes.

17920+930 No Co 17890+1230
2 BO 17890+1230
3 BO 17890+1230
4 BO 17890+1230
5 BO 17890+1230
6 Cl 27950+1220
7 c2
8 BO 17890+1230
9 BO 17890+1230
10 BOl 20500+1280
11 BO2 20760+610
Notes
10

Film Type - BO represents biaxially oriented PET

c2

10780+510
12410+1120
125304810
14590+580
16320+840
22390+680

17800+800

17920+930
19730+1380
200304630

Anor phous
Anor phous
Severe CRF

Severe CRF
Moderate CRF

No CRF

No CRF

No CRF

Severe CRF

No CRF

Poor Adhes.

No CRF

No CRF

No CRF

\_}

coextruded £ilm, comprising 12 microns

of crystalline, oriented PET and 3

microns of amorphous copolyester

cl

represents cast PET, coextruded £film,

comprising 20 microns of nonoriented

PET and 5 microns of copolyester, both

polyesters amorphous.



10 BO1 20500+1280 AnDrphous 19730+1380 No CRF 11 B0O2
20760+610,.  Anor phous '20030#+630 No CRF Notes 1. Film Type - BO
representggblaX|aIIy orlented PET coextruded film conprising 12 m crons of
crystalline, oriented PET and 3 microns of anorphous copol yester G
represents cast PET, coextruded film conpr|5|ng 20 nicrons of nonoriented
PET and 5 m crons of copol yester, bofﬂ'polyesters anor phous. -10- BO1
represents a biaxially oriented pol yester nonol ayer filmof thickness 12.5
mcrons, nelting point [err n BV lJJjnit B02 r.epresents a

bi axi al I y oriented polyest e]rsofrlo%o%aﬁyé:sr %ft% '%/ at’%s%es%r%tfﬁs@frons mel ting
point [err] and crystallinity <pokyesteremasdiyer #itlupalfy ddvimkness

coextruded film conprising 15 RixXrPRS Honp) Mmgga ag crons of
copol yester of terephthalic acid ethyleng col an éﬁﬁﬁnﬂexanedlnethanm
2. Formability - CRF: Cup R EFYSSRL R e AdF %ecau5|ng severe | ower

can side wall coating fail upp2 Adpadsdnts £ IEN0GE Ll yWaldidgdd on fromthe
trimmed 12 fluid ounce (341 [ergklyester monolayer £ilm of thickness
13 microns meltlng point 235 C and
crystallinity <10%
C2 represents cast polycarbonate,
coextruded f£film, comprising 15
microns of polycarbonate and 15
\«f microns of copolyester of
terephthalic acid ethylene glycol and
cyclohexanedimethanol.

2. Formability - CRF: Cup Radius Coating Fracture
causing severe lower can side wall
coating failure.

Adhesion: Presence of delamination
from the trimmed 12 fluid ounce (341 cm ) DWI
can (211 diameter x 413 tall - approx
65 mm x 130 mm tall) with an 0.190 mm
thick wall, during washing.
The analyses tabulated above, of the molecular
({/ weights of polyester film and laminated coatings by gel
permeation chromatography (GPC) have shown that the
perfokmance, during drawing a cup, of the laminated
coating is related to its molecular weight.
From the examples listed in Table 1 we conclude that:
Examples 1 and 2 illustrate. the severe coating fracture
associated with low molecular weight of f£ilm in the
laminated coatings. Example 3 an intermediate failure
mode and Examples 4 and 5 no coating fracture, all from
identical starting f£ilm. The differences in molecular
weight reduction derive from lamination conditions, not
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can (211 'dianeter x 413 tall - approx 65 mmx 130 mmtall) with an 0.-190 nm ~
thick wall, during washing. The anal yses tabul ated above,” of the nvol ecul ar
wei ghts of polyester filmand | am nated coatings by gel perneat,on
chromat ogr aphy (GPC) have shown that the perfornmance, during draw ngs cup,
of the lam nated coating is related to its nol ecul ar weight. Fromthe

exanples listed in Table 1 we conellide that: Exanples 1 and 2 illustrate
t he severe coating fracture associated with | ow nol ecul ar weight of filmin
t he | am nated coati ngs. anple 3 an_internedi ate failure node and Exanpl es

4 and 5wt chatPwl Fhﬁc?9@31n§F+°Fr%ﬁ1?aeﬁﬁﬂc&hesFQP@#ﬁQOHq|ﬂ The

di f f er efedrsch tngD! eﬁﬂéﬁélé/eﬁ gbnﬁgaaategnadeamt@rhandeaW o
condi ti ons, not nati on of T2 and the .conditi ons of

e h R Tasean EebiR| pad: Phlmman RO ARy £ PR e p ATAEEoR | ool ond
film memigest uEihg hetéouljae, wgigyhtdg a hi gher filmnol ecul ar wei ght.

Exanple 7 il ghég%ezaggfﬁs pgtg%egg P?Fﬁighgggm %%trH%t%% o0 polyester. A

ful l'y amorphou ona enonstrates the sane type of
brittl ecéstcicred Conpalvesberxahpfully, amonphousge podgicanttonatecpar at e

feature, ﬁét@éaoflfﬁoasxﬁ?nseeateg 8Rd Lhse' eYBki @2ShA tWillh coating

performance. From Ex to 5 and their " reheating tenperature values T2
it woul fraRte&uned that retention of nolecul ar weight can be achi eved by

reduci ng T2,cérh@ara\a5vundﬁamgkes LpsExagpbed8mbik tradd e ddpara®er coating
et O Pt L L0k F= e B Roga R BaRREbY CaPA TRL® S GH TR Rl T2 25 T
coating performance. From Examples 1 to 5 and their _
reheating temperature values T2 it would be assumed that \,}
retention of molecular weight can be achieved by reducing '
T2; that was undertaken in Example 8 but resulted in poor
coating adhesion on the formed can. Comparative Example 9
retained a high T2 as in Example 1 but the laminate was
cooled to T3 with an air jet immediately before careful
quenching in water where no water was allowed to contact
the hot laminate before the main line of quenching.
Example 6 demonstrates that a higher molecular weight
film will give a higher molecular weight polyester
coating, provided T2, T3 and quenching are under proper
control. Higher £ilm molecular weights are advantagéous
but can be difficult to achieve on some film making
equipment and the hlgher molecular weight resins are more \‘J
expensive.
Examples 10 and 11illustrate the use of monolayer
polyester films of different crystallinities to product
amorphous coatings with adequate molecular weights.
When samples of Example 2 were formed_in a cupping
tool as shown in Fig.2: The extent of cup radius fracture
was found to depend on the blankholder load, for a fixed
radius dimension of 3 mm. The blankholder load introduces
inertia to the forming of the laminate under the impact of
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cooled to T3 wth an air jet imrediately before careful quenching in water-
where no mater was' atl owed to contact the hot |am nate before the main |ine
of ‘quenchi "Exanpl e 6 denpnstrates that a hi gher nol ecul ar weight film

wi Il give a hlgher nol ecul ar wei ght pol yester coating, provided T2, T3 and
qguenching are under proper control. H gher filmnol ecular weights are
advant ageous but can be difficult to arhieve on some film making equi pment
and the higher nol ecul ar wei ght resins are nore expensive. Exanples 10 and
ilillustrate the use of nonolayer polyester filns of different

crystal | i nithespuachrasiuthe abamphate toatehdsoni theadéqubyethel ecul ar

wei ght s. SIN] & Of ﬁ’fé”?&&gegui‘%ewé%ﬂ@dokn Oungagwggt eaéteal hown

in Fig. 2. e extent of cu lus_fracture was
bl ankhol deri¥®atmpaer resiskancadred brikhbepassrbutpfior gré bPébkhoIder

| oad 'ntrOdM&P@esn@ftiﬁp&ékthesigﬁﬂheé,Oﬁhéhﬁaténbﬁatsrﬂﬂﬂ r ohhenénpact of
-12- the punch as the |aginate pn the die bx t he g ankholder The
mol ecul ar VRVHFR R95¢nER b%?lﬂﬁ %Bﬁtf%?%u?t§a+ﬁﬁa3? £EQ; RS eEEERE of

brittl enessceatidgricactaral val ues of inpact resistance,, the rate of
form ng on the ch ngwﬁi&gdlus or the radius val ue govern the extent of

coating fract ure BL (1Rt r3ddyS reagting EBattuss $~°r &Be préthLe fRacture
brittle fraofuste oéattilng aeieti tig: dmptest dfechenparh ®isel hermpuesfeciose. The

effect is cggﬁ,‘rrgll&g%?%%%lagm% Fb%at fqgé{é&g lérsg%regéjig  wei ght. The pol yester

coatings require_a 14, 0Q0 for
adequate fornab|T¢%yP%}Y§%Ee§tFB%E%“%%rrﬁgﬂhF% ?nmﬁleﬁﬂb?ﬁgwﬁFEBE @Fth a

pun%\j at least . 14,000 for adequate formability at
100 strokes per minute in a cupping press with a punch
nose radius of 3 mm. Typical commercially available
polyester £ilms have a molecular weight greater than
14,000 and typically approximately 18,000 to 20,000.
Thermal lamination coupled with water quenching can reduce
the polyester molecular weight. Thermal degradation of
polyester is well known but it is generally a minor ° -
component in degradation at temperatures (T2) up to
approximateiy 320 °C in dry PET when the time at this
temperature is under the 2 seconds typical of the process
time associated with a commercially viable thermal
lamination operation.

W .The major mechanism for polyester degradation is
hydrolytic, demanding the presence of water above the
melting point of the polyester and especially if T3 is
greater than about 300°C.

Fig.5 shows diagraﬁatically apparatus for
manufecturing a laminate of metallic sheet or foil and a
polyester film. The apparatus comprises a first heater 20
through which the metal 21 Qasses to become heated. The ~ ~
metal then passes to a pair of pinch'rolle 22,23 at which
the influences of heat and pressure combine a £ilm 24 to
the metal to make a laminate. The temperature of the



nose radius of 3 mm Typical comrercially avail abl e, polyester filnms have a
nol ecul ar wei ght greater than 14,000 and typically approximtely 18,000 to
20,000. - Thernal lanination coupled_w th water quenching can .reduce’t he
pol yest er nol ecul ar wei ght. Thernmal degradation of polyester is wel Mknown
but it is generally a m nor conponent in degradation at "t enper at ur es (T2)

up to approxi err I n, dr when t .thi s te erature is
undemabat ?n&cé)’r#dg ‘Jﬁ/p\: |P’(ﬁ°}¥h’é‘|’zb+%c’e§s& ?réegeg c?‘&t é\ e
conmerpigaMiphp ot ficthal tempenatuoe opethei bnmliilaeerrajtoponchansSm for
POl yes{ g GG ¢ Af&\h f’r%i/}é&tef'eﬁ?ﬂﬂ' B Eﬁ?u@'&%@@ﬁeb?f E¥@hgieabove
the et %g poi e polyester and especially if IS greater than
abouﬂq}?n]T§#£P51shoms di agranmatical |y apparatus for nanufacturlng a

| ami nat e %@é@% hﬁréﬂ?ﬁt £8E é@hbnagdmspaby@%t Rodlis Bhelhe appar at us

conprises a whi ch the netal. 21 passes to becone

heatehamlﬂmtenﬁhaﬂhthéntbagsﬁésﬁﬁ atBEPRIBf 2pSRSPNG higatex> 233 at which t he

influgnces; 96 bgat téﬁ?e?&@ﬁ?érSECQHEI mamanalttemtzﬂat Qesﬂp%rla&m!e to make a
| am nate. The tenp ure o and filmat the pinch
rol | sTZ s2Bevet EHeT‘i‘e lflggp°6nﬁh98ht5?agl’t}5‘al I ?ﬁgﬁecﬁ Pa3d Fenper at ure of

the | gnkoagk ahepsacbndnheatengthbela;nmaa&teus.sf @ogiedy dyt dioricedm as

|IIustratgggﬁyhg%gggﬁegéozbn gggheréduggs%ﬁge LQ4q the pinch rolls 22,23

throu a second heater 25 to raise

cool s2the asse
the tteppeastmeeowhihetl heepine #G érVenpéréﬁﬁﬂGHﬂZ4£¥NRQQM¥@QWEIt|ng poi nt

of the,fLl oy AbLEE B8SStNPer second.

The cooled dry lamxnate is then quenched by meerSLOn ' \‘J
in a trough 28 of water which falls with the laminate to
effect rapid quenching (at a cooling rate typically in a
range of 50° to 200°per second). The laminate dips
into a collecting tank 29 from which the cooling water is
recirculated, through a heat exchanger 35, to the trough
28. _

We have found that the precise conditions of
quenching the polyester coated metal are critical.

1. If the polyester cools slowly it crystallises

and loses formability. '

2. .If water contacts the molten polyester before it -
undergoes rapid quenching, it interacts with

polyester causing its molecular weight to fall by a \‘)

hydrolytic process.
The lamination temperature T2 must be sufficient to melt
the polyester;, such that it eliminates any crystallinity
or orientation in the coating and permits the extent of
interaction between polyester and metal to create
sufficient sheet adhesion for the laminate to be
formed into commercialy viable beverage cans. Typically
T2 will be 10°C to 80°C above the polyester meltlng point
or about 240 to 330°C for the coatlng to strlp adhesion to
be sufficient for adhesion between can wall coating and

i



do.

t hrough the second heater the lamnate is cooled by forced air from bl owers
26, 27 whi ¢h reduce t-he | am nate tenperature whilst keeping it dry. A

t ypi cal dﬁ% cooling rate is about [err] per second. The cooled dry |am nate
is then guenched by imersion in a trough 28 of water which falls with the
lam nate to effect rapid quenching (at a cooling rate typically in a range
of [err] to [err] per second). The lamnate dips into a collecting tank
29 fromwhich the cooling water is recircul ated, through a heat exchanger
35, to the trough 28. W have found thatythe precise conditions of
guenching the polyester coated netal are critical. 1. I f the polyester
cools slowy it crystallises and |oses formability. 2. I f water contacts

the nolten peleyRsnthvalafl Getall. wmﬂﬂe%r@mrﬁwmf& idar REQL1LT S
wi th pol yester cau3|T§§ts qnle%ﬂ to fall by a hydrolytlc
process. Th&3V&nidn i 1 gaugfs iR tiFkeit the

pol yester, dseutzlm hhatgadgeelaaumalemmynmrm Igﬂmdry typwam aiaso(rjal n tlhe
coati ng an m th f ent eracti 0. et 9]0 er an net a

to create s &béﬁt éfg’t)& aé’ﬁ’é‘s r#}fo&a':t égete :@énqﬁber med into
connerciaIyphqﬂyhaﬁxaﬁaaﬂﬁaannﬂ;sé@qnnxnhqpmﬁhmmphoanhiteJ] to [err] above
the pol yester Aftt'f these @#2 Q{al tlt?‘kb R dddded A té’tﬁ:% | &h d&é”' p

adhesion to be su esi on between ca coatln -14-
the can wal bekwegn the hak Lhanbﬂqﬂﬁ%a.ﬂﬁ AtS g e %rﬁmnobmatgnea*@%g nm
ironed si dewldocqau@e tHONBRA fdt¥Mwith air from T2 to T3

immediately before rapid water quenching such that the
K./ entire strip is uniformly cooled. Cooling to T3 should
allow suffidient time for the polyester to interact with
the metal at about T2 to provide adhesion. The rate of
cooling from T2 to T3 must be such as to prevent '
crystallisation, typically above approximately 50 °C per
second and T3 is ideally above approximately 200 °C.

If the temperature T2 is too high, typically above
about 330°C, polyester degrades by combined thermal and
hydrolytic mechanisms, probably involving water originally
present in the polyester film., The result can be

two-£fold:
(1) The molecular weight will fall below 14,000 if the
S film molecular weight was too low. This can be

avoided if the £ilm molecular weight is raised by
choice of polyester resin and extrﬁsion conditions:
such precautions can reduce polymer scoring in the
external coating during formation of the can through
the tooling dies.

{2) The aluminium alloy 3004 softens at T2 values
above about 230°C and this softening reduces the
strength of the can base. Selection of a different
'alloy that does not soften at the selected T2 is
advantageous and possible because the polyester
coatings separate the aluminium from the ironing
dies, preventing the galling that the 3004 alloy was



0730 mm gauge 3004 al um nium alloy which typically has a suitable surface
conversion coating of for exanple phosphoric-acid anodi sed or .
chrom um phosphate. At these T2 values it is necessary to control -contact
bet ween the hot | am nate and water. This can be achi eved by cooling #je
laminate with air fromT2 to T3 i nmmedi ately before rapid water quenching
such that the entire strip is uniformy cooled. Cooling to T3 should all ow
sufficient time for the polyester to interact with the metal at about T2 to
provi de adhesi on. The rate of copking from T2 to T3 nust be such as to
prevent crystallisation, typically above approximately 50 C per second and
T3 is ideally above approximately [err] If the tenperature T2 is too high,

typical ly abenesahoub beéf&oﬁ@LyeHl@ﬁeﬁeﬁtaéﬁétHyvéQEEbHQdthQOUﬁ| and

hydr ol yti c §¥an|sns abI ¥o|v$ g wat er orlglna %% Eresent in the
pol yester fi#f ?neW}EEu Eaﬁ 5PRET ( $PPRRE AB garshBfght wil |
fall bel ow ldofi@é@nts, tbanfbénusedecurhe mekght sofitendagl dw. This can be .
avoi ded if tf&mihéﬁ}QRL$§Eiaﬁﬁ%ﬁggéﬁe'ﬁe&éisgdtQXSEEQ'E@ngrE9£¥eSter FESER

and extrusion conditrons: suc ecaut 1 ons can Mer ~scoring in
the externallebatangequmengheacnﬁprmhbblltHeléananpéa Aet madt 86l i ng di es.

(2) The a'“”Eﬁéuggﬁé|Eimﬁogéaﬁﬁiiééstﬁé Iﬁe¥ﬁh!e§rBBQ¥€1QQOBE Eﬁ%r] and
educes_t

this softening r e strength of the can base. Selection o
different alMefatnge 8Bat.ndftesscan §?rPHB93eF§GtéerW21|Qr&BFantageous and
possi bl e becguseihheandl yant @eyingt bpgsatepasade hbe akdducei whefromthe

'roning diesy preveRkLigehn® #RL! LOuib3lst RS 3234uk' @Y s¥Rnger
polymer coated container than a conventionally g‘}
produced can for a given metal gauge.

T2 values must fall within a band set on the lower
side by'the need to achieve adhesion and on the upper side
by degradation. However even within the'satisfactory band
it is necessary to control the interaction between hot
laminate and quench water, hence the benefit in cooling to
T3 before rapid quenching.

The graph shown in Fig.6 is typical of the
temperatures arising in apparatus during lamination of a
monofilm of polyester to an aluminium substrate. The
temperature Tl is shown as being above the melting point
of the polyester. If however, a two layer film of an
outer polyester and an inner layer of copolymer is \uj
laminated to an aluminium substrate the temperature Tl
will be above the softening point of the inner copolyester
but may be below the melting point of the outer
polyester layef.

Fig.7 shows a modified apparatus in which the
laminate passes between blowers 26, 27 and then between a
pair of weir boxes 30, 31 in the form of long boxes full
of water from which a continuous flow of chilled water
emanates across their surfaces to drench the laminate as
the water travels shown by arrows with the laminate into a
collecting tank 29. Water is pumped by pumps 32, 33
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-15- chosen to overcone. Higher strength versions of 3004 alloy, with, for
exanpl e, hi gher copper and magnesi um contents, can be used. The netal
softening jn lam nation will ‘bring the netal's tensile properties into a
reginme wh&re formability is acceptable and at the sane tinme stabilise the
thermal properties of the netal so that, after can form ng, the nornal

print stoving and can drying operations do not reduce the netal strength.
The result is to produce a stronger pg%gger coated container than a
conventionally produced can for a given nmetal gauge. T2 val ues nust fal
within a band set on the |ower side by the need to achi eve adhesi on and on
the upper SLAgBundpdLadation: chieyeuet s¥e8sWbhbichNgesal bakaghor yiband it
isS necessary TO coniro he I'nteraction between hot | amnate and quench

wat er, henc8epasabinaf pf theceepilagtt 198 bef eprehr gpflg feSBRi ng. The graph
shown in Fig ﬁihétEyPEQﬁlith cbRerbeear abuleagabEStAE pBlgRBRLAt ES1AUri Ng

| am nati on o? a nonofil mof polyester to an alum pi um,substrate.. The

t enper at ur eOF1epShsAAHR 8§_Bgﬁn5e356véugﬁérﬁﬁﬁtingpghﬁF°5F°Ph8fp8F§ester.

| f however, fact\WeikByehef Lhmiakteniatbethpolyenthr candassistnén kager of
copolyner is _lapginated tQ anjalumni S t e e F1 wll be
above t he sﬂ?fgg%ﬂ§n§8iﬁ$ 8flfﬁé ﬁﬁﬁgghcgggl%géﬁgbqb3§2g§§hgég%e gw the |
mel ting poi watet bhéootther mpdkesspelymayebefprg. thehmadnalinei pifed :
appar at us igugggggﬁghe | am nat e passes between bl owers 26, 27 and then
between a parr of Wei'r boxes 30, 31 in the formof |ong boxes full of water
fromwhich a continuous flow of chilled water emanates across their
~surfaces to drench the |am nate as

\_/ .



the water- travel s shown by arrows with the laninate into a collecting tank
29. Water is punped by punps 32, 33 =1746- through respective chillers
34,35 to each weir box 30, 31. Separation of the cool-ant flow to each»yside

of the Ianing}e permits controlled cooling of the polymeric filmon ®éch
side o tal substrate. The direction of air flowwth the [ am nate
into the quench can assist in the maintenance of a |ine gquench and prevent

t he cont act ong o : en.p s hef h kLn Li.n
quenchﬁ%@.'A(i?qﬁﬁggiAfﬁE?i@ﬁlﬁ?+%n§ﬁa?%¥o ﬁépﬁqgggﬁglnggFunF%iSﬁ?glon
sheet &nd A |£bHy @f r1inesF PrhEastps Gharacterasse: dni 88t K¥hehat the

pol yest L3 | |y [+S, | h u i has a
ol boul B GRrEhTof e P 1 o orhar, 2 ARTPRIR-Sclak 8 AV

chr onat 8gralsaylan weightanf Ak deasic df RA9g2s degparad by geRapermeetiatied in t hat
the pol ygsddtofSaptigscri bed by a general fornula O O Jerr] in which Ais
an integer, [err] Is a divalent hydrocarbon group at |east 60 nole % of

whi ch consists of p-phenylene groups, [err] is a dival ent hydrocarbon group
at !easZ-GOAnb¢§19@5¢ ﬁﬁFEHdéBEsF§t§?éFm[éerh@F@G§§ﬁﬁsﬁﬁ AB that Ahe

| am natg, Bpe9EEk NUst QeSbaibed By &l geeZalClfarailari sed in that the
alumniumalloy is alloy No. 3004 or alloy No. 3104; or

0 0
0 "
“fO-C'Rl-C-(-O‘R2-+K—+--

in which A is an integer, Rl is a divalent hydrocarbon group \_}
at least 60 mole % of which consists of p-phenylene groups; R2

is a divalent hydrocarbon group at least 60 mole % of which
consists of -C,H,- groups with A=1.

3. A laminate according to claim 1 or Cléim 2, characterised in
that the aluminium alloy is alloy No. 3004 or alloy No. 3104; or
alloy 5045 or alloy 5182.

4. A laminate according to any preceding claim, characterised

in that the aluminium alloy has a surface treatment chosen f£rom

a chromium phosphate or anodised oxide such as phosphoric acid
anodised oxide. \hj
5. A laminate according to any preceding claim, characterised
in that the polyester is in the form of a film of polyethylene
terephthalate.

6. A laminate according to any preceding claim, characterised

in that the polyester is applied to the aluminium or aluminium alloy
sheet or foil in the form of a blown film, a cast film or alterhatively
in the form of a cast and subsequently oriented film.

L



al l oy 5045 or alloy 5182. 4. A laminate according to any preceding claim
characterised in-that the alum niumalloy has a surface treat.nent chosen
f r‘om a cfjr oni um-phosphat e- or anodi sed oxi de such as phosphoric acid

anodi sed ¥xide. 5. A lamnate according to any preceding claim
characterised in that the polyester le'Pn the formof a film of

pol yethyl ene terephthal ate. 6. A lam nate according to any preceding claim

characterised in that the polyester is applied to the al um nium or

al uni ni um} | oy shget 18fibitide | TadéSrdDign Otod My HELEbAAEAS rldih OF
alternativ Ig/ in the formof a cast and Subsequently oriented film - 18
- 7 ‘%‘ Fagtenisedactr rhat tthe ar%PlYpﬁ%&del #§ @aPRlie€hakActtdd sed

in that fahmmm%ee]g:eramnfa:ﬁmf_ | iaérlldyf sﬂé@%altum oD Gin 8&1?&571' !Ebléﬂi][ Y4 oy
heet or il _in 0LM,0 I 1l m coextrude conprise a layer

;S)oleyet hyl efn) ir{‘er‘é%ﬁ%ﬁgflgﬁg at® a GURELSS c%po%ggfer o ho?é’ﬂ'i)f/er%ﬂ'ﬁ%@ﬁ@ gr oup

consi sti ngtefephthpbipestaamd od daferernds gd:qpmlyastletenc&plstdlml fromcitheand

[ ht hal i bd; : | | [ yl.en

di ot hyl ene™ O coRBRAE b 3 copbfvesE48) o8N Genldte a1v8B, spa

cycl ohexan@%ﬁﬂ%’@hﬁ%bﬁ agdidd olyephEhaiddreradiglx heerephthadbet raatidl t o

Lhe outer § o Lyco e rethetehe s Paread: A"
the outer |ayer. of pplyester on the nate i polye

in the a m&aflﬁonaﬂgon?n aﬁgﬁ%ﬁéecoﬁiﬁeﬁ ey &Y Chphaxane

| ami nat e iGimethphols. s2id copdilyestent adhezdnd rthd omedy lonuib¥t @t ns 1

to 6, chargcterls [N h | yester applied to the alum nium
or ,al um ni%‘r}n%+o§gg ge?"%?g%g?(l" ie"gyigg't he form ) _

-

8. A laminate according 'to claim 7, wherein the outer
layer of polyester on the 1laminate is polyethylene
terephthalate in the amorphous <condition; and the
copolyester layer on the laminate is amorphous.

9. A laminate according to any one of claims 1 to 6,
characterised in that the polyester applied to the
aluminium or aluminium alloy sheet or foil is in the form
of a biaxially oriented film with a melting point in the
range 200°C to 260°c.

10. A laminate according to any preceding claim when
—/ formed by dr'awing to a cup shaped vessel or formed 'by
drawing and subsequent wall ironing into a deeper vessel.

11. A process for laminating an aluminium sheet or

foil to a film of polyester by the influence of heat and

- pressure wherein the polyester film is applied to the

aluminium or aluminium alloy sheet or foil at a -
temperature Tl to adhere the film to the sheet or foil;

the laminate is then reheated to a temperature T2 above

the crystalline melting point of the polyester; and
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of a biaxially oriented filmwth a nelting boint in the range [err] to

[err] 10. A [ am nate according to any preceding clai mwien forned by
drawi ng to a cup shaped vessel or formed by drawi ng and subsequent wall
ironing into a deeper vessel. 11. A process for lamnating any’

al umi ni um sheet or foil to a filmof polyester by the influence of heat and
pressure wherein the polyester fitni9ps-applied to the alum nium or

alumnium alloy sheet or foil at a tenperature Tl to adhere the film
to the sheet or foil; the lamnate is then reheated to a tenﬁerature T2
above tihexsafter|the Aeminagepdisntcuitinbledlyeseededarikn the doy

:hereafc{&{ditﬁ_l‘%ozt ag’taatg i SF?@?&EQ&%?Q'.Y‘I@EQ'@Qféf‘et[‘Siﬁbllgo?@a;ﬂi@h to a
enperature |1, el ore I Na a q ncnin In_water suc a e

7ol BoUIIERRRE oF FREGol SECReEhaty drhe mPRECH1AF, HlGht 2PF| Eha 14, 000,
as nmeagvBtedverellayEmean obhehrlamimgieaphy. 2. leastA P4 pee@8s ascor di ng
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| am nat e substantial ly as her ei n before described with reference to

‘the acogipanyi ng gegubags addd rdhhe® o OE1EXATAIES énhPabtards8at Gnll. 14.

A process for lamnating substantiglly as herein before described with
r ef er edd@% o3 Fingdyes taid Gg!ﬁ‘ %e ’é‘d‘ﬂéﬁ%?ﬁﬁ‘%ﬁghﬂréﬁ‘ﬁ@ﬁed to both

major surfaces of the aluminium sheet or foil.

13. A laminate substantially as herein before

described with reference to the accompanying drawings and ()

any one of Examples 4 to 6 and 8 to 11.

1l4a. A process for laminating substantially as herein
before described with reference to Figs. 5 a'nld 6 of the
accompanying drawings.
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