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- 1- ‘LAM NATED METAL SHEET The present invention relates to |aninated netal
sheet and to a process for producing such | am nated netal sheet. Lam nation
of -pol ymer materials to metal sheet such as nmetal strip is a well known and
wel | docurmented technique. The resultant jam nates have nmany applications

i ncl uding use for the nanufacture of drawn and wal |l -ironed cans ai
refeeved to as DW cans). I s known to use steel. or alum nium/ Sﬁ%ﬁ

pol yQliefin coatings as a stock AN Such materials are

described, for exanple, in U.S. Pétenf‘4096815 andrérltlsh Pat ent 2003415;
as far as we are aware, such materi als have not. found conmerci al

appl i cati ahe m&dsantfinxﬂntinn pelabestte saminagedimessl sbegta@nfelto as

t her mop a%t'%o%é do&#&ﬁé‘”ﬁ@éﬁ'?@m%aﬁéhmétﬁ& gfakitngs to steel
and alumnidmis scrl or exanple, 1n British Patents 2123746 and
2164899. However, these patents enphasi-ze that retention of some biaxi al
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|n1ts "t he "el ongati on at
br eak valm@(ﬁStDﬁI0©§m$hgs to relatively | ow val ues which are exceeded in

DW can form ng operations. Such [am nates are therefore unsuitable for

form ng deep drawn or DIW cans. W have_now f0o
nELaI gheéipmﬁnkﬂfwn to use steel or alum%hluﬁngogggh %ﬁt %E%fgff%

coatings as a stock for prepa:;ng DWI cans. Such materials
are described, for example, in U.S. Patent 4096815 and British
Patent 2003415; as far as we are aware, such materials have
not found commefcial application;

We have found that polyolefin coatings'do not form as well as
thermoplastic polyesters. The lamination of polyester
coatings to steel and.aluminium isjdescribed, for example, in
British Patents 2123746 and 2164899.' However, these patents .
emphasize that retention of some biaxial orientation in the
polyester coating is necessary for adequate_container shelf
life. We have found that laminates of the types desc:ibed in
o these patents are not capable of being subjected to the
forming operations_which are required to prepare deep drawn or
DWI cans without severe disruption of the polyester coatings
occurring. The retained orientation in the coatings described
in British Patents 21223746 or 2164899 limits the elongation
at break value of the coatings to relatively low values.which
are exceeded in DWI can forming operations. Such_laminates'
are therefore unsuitable for forming deep drawn or DWI cans.

We have now found that a laminate of a metal sheet having
adhered thereto a thermoplastic polyester which is in
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adhered thereto a thernopl astic pol yester which is.in -2- substantially
"non-crystalline (or anorphous) form survives DW operations and retains
acceptabl e metal coverage. Such coatiggs out-perform pol.yolefin coatings in
DW can formng, and retain better continuity and protection. Accordingly,
in one aspect, the present invention provides a |aninated netal sheet

-conpri si rmxﬁéwﬁtmw n@ﬁLEc@ys’eamxﬁaJ QérSHmBQQHSuE§V EagmAdengded rect Ly

thereto osite, osi te pol yester fl|mb
conprlse3”&fg¥ erat ﬁ@é £9b€%e?°F59§Pb@P ggRaﬁPVQFpﬁe'
non- crystsnd:h rmoatxngs qmt-yperﬁorhapomgoaeﬁd)ht eoangngsl i DEIOWwa’00C and a

meltin Io 5 o] an outer
polyes?er ayer ha%?% Pé@é{ BHEtéP ¥§né28§§5 BPerngQ#&tfgpﬁed froma
biaxially oriented polyester haV|ng a sem -crystalline structure; wherein:

(c) l)&'&ébi-&i/ By pf 1hh6n605§9ébt? aﬁby9§b§éni:l k Rvehtiba del are

substanti a yst n ester fil'mhas an
|ntr|n5|c?vié@ 95 gﬁi géggaﬁa&glisé§gn§§§§£eéetﬁ te- ORFoPEphenol  at
25[err] dwkha mmjmensuafaoes ohaﬁgngpadhéredednecltlyh&hetrbtol am nated netal

sheet is é 6%&@@ g §E g ¢ @ﬂgrggbgth%?puzgggqie Piyester

non- cryst Iso réeferre er el n
f11m comprlses'

(a) an inner polyester layer of Substantially
' ' non-crystalline linear polyester having a. 3 -’
softening point below 200°C and a melting point
below 250°C but above 150°C; and
(b) an outer polyester layer having a melting point
above 220°C and formed from a biaxially oriented
polyester hav1ng a seml-crystalllne structure,-

wherein:
(c) both layers of-the composite polyester film of the
o laminate are substantially non-crystalllne, and
(d) the polyester film has an intrinsic viscosity

between 0.5 and 1.1 as measured in o—chlorophenol
at 25°c and a concentration of ng'pef litre;
such that the laminated metal sheet is su1tab1e
for maklng drawn and wall ironed cans. o’

The non-crystalline polyester (also referred to herein as
an amorphous polyester) should be substantially free from

- orientation as determined by x—ray dlffractlon or density
measurements. '

jA'méthod for measuring crystallinity by x-ray diffraction
"is given in GB 1566422, Crystallinity can be measured
from density measurements as follows. : ' P
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an -anor phous pol yester) should be substantially free fromorientation as
determ ned by x-ray diffraction or density neasurenents. A nethod for
measuring crystallinity by x-ray diffraction is giyen in GB 1566422.

Crystallinity can be neasuf&d from densTt§2nBasuréirents as fol | ows. - 2a-
[err]- = Volune fraction crystallinity [err] (P -[err] (P - Plerr] c
a c P = density of polyester [err] = density of anorphous
pol yest er {]err] = _density of crystalline pol yester The density

neasur emenVg cEn Nolwmge fripchian @uvstald/amiter sol ution or

n- hept ane/ gar ban et caghhqri de usi;ng'al density colum. Typically the
non- cryst a]ﬁf"i ne palﬁi{‘%il%i é’lf? a poe|_- t hyl ene terephthal ate (PET) or a

pol ybutyl efe t&re _ ) PET materials preferably have an
intrinsic PLscesi tensdttyeaf @ndrphous hollyestemsured i n o-chl orophenol at
25 C and apCtongents atis fe 9 Iy ddd hE -s3= 1he non-crystalline

pol yest er F'cl m | a%eg%f%% '(t?de %}rg;gnt%tqé.ldé p%lyfaste} _ _

The density measurements can be made in zinc chloride/water
solution or n-heptane/carbon tetrachloride using a density
column. ' ’ ' ' '

Typically the non-crystalline polyester is a polyethylene
terephthalate (PET) or a polybutylene terephthalate (PBT). The
PET materials preferably have an intrinsic viscosity between
0.5 and 1.1 as measured in o-chlorophenol at 25°C and a
concentration of 5 gm per litre. .




.Sheet- is obtained by lam nating to the netal sheet a filmconprising a

~ polyester, with the conditions under which-the |am nation is perforned
kei ng such that during lam nation the polyester filmor.filns in the
met'al / pol yner lanminate is or are convgr&eg into non-crystalline (or

anor phous) form Preferably each of the major surfaces of the netal sheet
"carries a filmof non-crystalline polyester as defined above. However, the
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bol yrer SPEEH dF QREDIMRY e Laniasring t9 the Retal shest orid it al
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metal s e -al u u Qys thereof,. typically a
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The steel may be coated with tin,” prefera passi vat e y conventi onal
chromic treatnents, or alternatively may be in the formof nickel or zinc

plated Pretlerallscigict obrewdaniiet esubkackpl sEethehineltals sheadter abl y

ol et robgErass o i R e 4171 R CRBI YR R0 55, Bebiihd So%s oni um

net al aHowelwesm theodcirpe WE hthecinvention ehcompassesmmeattall sthrakichr onmi um
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a layer of a iffefent thermoplastic polymer £ilm on the other ;;j

" major surface of the metal sheet.

The metal substrate to which the polymet films are applied,
typically in the form of metal strip, is genérally_steel-or
aluminium or alloys thereof, typically a steel or aluminium
based product used in the packaging industry.

The gauge range is typically 0.05 mm to 0.4 mm for steel and
0.02 mm to 0.4 mm for aluminium; generally 0.25 mm to 0.35 mm
for steel and aluminium DWI cans.

The steel may be coated with tin, preferably passivated By .
conventional chromic tréatments, or aiternatively may be in- \J
the form of nickel or zinc plated steel, blackplate or

phosphated blackplate, which is preferably chromate rinsed

after phosphating. '

The preferred steel finish is electrolytically chromium coated
steel (ECCS) with a dual layer of chrémium metal ‘and chromium
oxide. With such steels, the chromium metal and chromium '
oxide levels can vary widély. Typically, the chromium metal
content ranges from 0.01 to 0.20 gm/mz, while the chromium



-4- 2 oxide ranges fromO0.005 to 0.05 gm[err]. The ECCS is commonly
derived from deposition systens containing either sul phur containing or
fluorine containing catal ysts., The alum niumwhich is used is preferably a
3004 type alloy with either, an as-rolled €"ai kl ")« ¥fi%ish, a cleaned and
optionally oiled fihish, or a cleaned and chromate or chronate phosphat e
treated, optionally 0|Ied finish. As.an exanpl Al ocrom A272 (Regi stered

TradéMark oPxigehzangesdfron 0.005 to 0y 0h (ﬂ;Mlgztar yFRe (EFES elphoomnonty
treat ment syagpivear ﬁbﬂ‘@?&?i&izfdﬁ s ﬁBﬁg)Qfoﬁaﬁiiﬁéfr@ﬂEhéi‘ P81

pol yester. filmcan he used epare 't tal pol ner | am nat e. yplcal
pol yest er 8P§§F§1§Giﬁgbm§q4%14%; %343%9 qé% YRtal polyner

-l am nat e of the invention are:- (i) cast thernopl astic pol yester such as
pol yet hyl en r lsate_Qr: _Rol: t ) X
oriented pole"gfégt g?ﬁ%ﬁ?‘ %5’3‘ r‘\g’ l)ég:a&rﬁgdg ﬂ%&fu%t%é%i '%%2 éﬂ.{:}
biaxi al |y orwabheeitheyream lagmrraldesh’ ]dt'B iini%hca@tcl:QaMer
conposi te pob%se%ﬁsﬂyl @u@d/)fiaucéﬁm&t (e Reiidd Udedl apkRstErofki I M

conprisin nner ayer a su stqnt I al I)g non-crystalline |inear

pol yest er ha?hﬁ@matgﬁppéﬁﬁﬁgtﬁbl Ri-kede] £ RSHoi s pRRow
250[err] but eﬁhﬁpmewmwﬂomammwonemma |'ns€ﬁie fark b exAméhemor i ent ed

I near pol yeﬂ:oduc@é',ng:nc (ir ¥|.St g pro'ptfllél;raeﬁ} eéhror]&% 3-9p4%osphate treatment
- system for aluminium strip.

A number of different types of polyester film can be used to
prepare the metal polymer laminate. Typical polyester
materials suitable for use in preparing the metal polymer
laminate of the invention are:-

(1) cast thermoplastic polyester such as'polyethylene
terephthalate or polybutylene terephthalate.

(ii) Dbiaxially oriented polyester films havihg a
semi-crystalline structure, typically biaxially oriented
polyethylene terephthalate.

L (iii) cast co-extruded composite polyester film.

(iv) a composite co-extruded polyester film comprising;-

(Al) an inner layer bf a substantially non-crystalline linear
polyester having a softening point below 200°C and a

melting point below 250°c but above 150°C, and

(A2) an outer layer of a biaxially oriented linear polyester
having a crystallinity greater than 30%.
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-5-.\Wen using a co-extruded polyester film it is preferred to use a film
having a thinner inner layer (A) and a thicker outer ‘layer (A2).

" Fypically, the outer |ayer (A2) is a PET honopolyner. Its intrinsic
viscosity is preferably between 0.5 ands 1.1, nore preferably 0.6 to 0.7
for biaxially oriented filmand greater than 0.9 for cast film The thinner
inner layer (Al) is typically a substantially non-crystalline |inear _
copol yewhen afifd%teeicdoHdexrtruded polyéster afiillaplitt hgl prefiexamed: kal at e.

Al t er naj LyeLy g [ r Y S ng i y - stal s

copol ye{s‘}%ér gd(gtrliri\ijﬂe rcﬁ# ?&/e%%%x?%% [ icwg%?dig%kt &gggi E%r }aclta lc%&%‘l s such
as et hyputerglpyelr #LXycl ohexane-di methanol. 1f desired the pol yester

| ayers can be pignmented, for exanple with anti-bl ocki ng agents such as

Xanpl CTYPLERIIH it dtes Teven, (ReliifiD BFD bPROROLS MR tg ot d ayer A2
vm'ht hI ti E.ﬁlﬂ:irlimstiid);didfl:fﬁtfi‘&s optefeeably f heéweénaobs?/anﬂge; .dan rfoarered from
t he | ani nate. _Pr.e the, cogxyr - L . - .
polyet hFFEEE AR, M1t 00 0" Br choF HF SR RLLF Srfbhtln Bn (e drpgrer |

l'i near tbpal Yo dior feastexEddmme an anor phous copol ymer of approxi mately 80%

et hyl ene terephthl ate and approxi mately 20% et hyl enei sopht hal at e.
Copol yesters of terephthaljc. acid apd, two alcoh

d 3Is, for exanpl e _et hyl ene
glycol Zhe SPdmaasner nka¥eRof ALy, isaF¥Bicat XbPesP9§§§§£¥i}Rﬂmainner
anmor phowen-d4¢fst{#i1line linear copolyester of 80% ethylene .

terephthalate and 20% ethylene isophthalate. Alternatively
the inner layer is a substantially non-crystalline copolyester
derived from terephthalic acid and two dihydric alcohols such
as ethylene glycol and cyclohexane-dimethanol. '

If desired the polyester layers can be pigmented, for example
with anti-blocking agents such as synthetic silica or pigments
giving a coloured or white appearance, for'example-titanium
dioxide. It is particularly preferred to pigment layer A2
with titanium diozide for the outside surface of a beverage
can formed from the laminate.

Preferably the coextruded film's outer layer (A2) is .
polyethylene terephthalate. Preferably the inner amorphous Qd'
layer (Al) is a linear copolyester, for example an amorphous
copolymer of approximately 80% ethylene terephthlate and
approximétely 20% ethyleneisophthalate. Copolyesters of
terephthalic acid and two -alcohols, for example ethylene

glycol and cycloheiane—dimethanol, are also suitable for use

as the inner amorphous layer (Al).

Where the coextruded film is biaxially oriented, the-
crystallinity of the outer crystalline layer (A2) is typically



Where the coextruded filmis biaxially oriented, the crystallinity of the
outer crystalline layer (A2) is typically 50% but can be reduced to 40%
or less if the biaxial-orientation of the crystalline polyner is reduced.
Biaxially orjented filmmy be. formed by &tretching.the anmorphous extruded
~polymer insgge BQ{:V\@EQ Ber %Elh%dattot qrmer(ﬁ-t qréggqﬁp\(ﬁ!é 3 tass transition
tenperature 0 a factor, of 2.2 to 3.8 and simlarly in the

t r answer se°H?'?BE?‘FE‘JEnbé¥Et§et grysraline polymery 1% %adugRt. of the

i nvention is prepared by a process which conprises adhering to one or both

maj or surf h risi the -
. aJm' nat i on %&%‘F’g Sr | ng sﬁ&\ ﬁ\a&’ %’url ng ds atsﬁzggq{%gﬁb{l%%t er film
or films i nmonphchSaexpvnylmdr pedymeat dn $her faamlamm\dame&nqn at
non- cryst atbinperatudlR HBB%; ftﬁ'émglé%%()‘t@a&l@ﬁbldrﬂ t%ﬂ;}éfrtah-ﬁ{ré gﬁ elhe

present invention provi procéss for a | amnate of net and
non- cryst aPPt meﬁog¥e§t §P°t€|’r'a|°§ctze|21 §€d3b)$ ﬁﬂ% Sy @n the ovi di ng a
sheet of netahstedse Qilectfioh dyi al.l2y+er ise.ed pol yester having a

sem -crystalline structure, (ii) heating the sheet of netal to a
tenperature [err] above the nelting point of the film (iii) applying the
~filmto thThehteminatedemetaloshesdj of tief dowenhider iz gemparehdyraler

condi t i onsp34ERSLNFh1CRE RitbEl s8d biferihd 1t Iddd"di*BYtH M Y dirraces

mel ting po?nt to forman 1n
of the metal sheet a f11m comprlslng a polyester, the

K/’ lamination conditions being such that during lamination the
- polyester film or films in the metal/polymer laminate is or
are converted into non-crystalline or amorphous form.

Accordingly, in a further aspect, the present invention
provides a process for making a laminate of metal and
non-crystalline polyester, characterised by the steps of:

(i) 2 providing a sheet of metal and a film of
biaxially-oriented polyester having a semi-crystalline
structure, _ |

(ii) heating the sheet of metal to a temperature T
above the melting point of the film,

(iii) applying the film to the sheet on one or both major

s surfaces under pressure and under conditions such that the

1

.outer surface of the film remains below its melting point to
form an initial laminate,
(iv) heating the initial laminate by indirect means so

that the film is raised to a temperature T, above its

melting point, and after holding at such eievated temperature,
(v) quenching rapidly the heated initial lamlnate to a

temperature below the glass transition point of the polyester

‘to form the aforesaid laminate of metal and non-crystalllne

polyester.

In an alternative preferred process, the polyester film or
films are composite films (A) comprising an inner layer (Al)
and an outer layer (A2), and the composite polyester films are



. (iv) heating the initial lamnate by indirect nmeans so that the filmis
raised to a tenperature T2 above its nelting point, and after hol di ng at
;such- el evated tenperature, (V) qguenching rapidly the heated initial

| am-nate to a tenperature below the glass transition point of the pol yester
to formthe aforesaid | am nate of metal and non-crystalline polyester. In
an alternative preferred process, the polyester filmor filns are.conposite

filns sA)nudm:mecmsily adhexred taythe(meéyadinshestobyer paxypeessidhiacind thg

conposE Sster films are -7- simultaneously adhered to the netal
sheet Dby rocess whi ch conprises (i) heating the netal sheet to a
t enperat ure (Tl) above the softening point of t he pol yester inner |ayer

(Al) byt ybel gudeindetne e PPl NEheét! BE QutéﬁlpEQthréAQ)rl)( laﬁod@n&x{@tl ng
thefllmorfll to.the nmeta

reheati |re means t he
| ami nate so ?qﬁPQER%ﬁnEH%Etgﬁﬁagﬂi¥e§LF§nﬁ§P§FUa@ié&;1§¥%1 Welting
poi nt of the wlmactheahgksing point efidthevputeft Aayerd JAR) above these
el evat ed tenperatures, quenching rapidly the polyester coateed netal to a
tenperature below the glass transition points of the polyester coating

re5|ns(IFHe:%ﬂmin&#&ngltbepﬁi¥@59§rfiﬂmﬁstar§h§r@ﬁ§§%ﬂ%PQ§textruded

pol yester filnms conprising (A) an inner |ayer- of substantlally

non-cryst.alline |ingar
%&{1) r(%eatf;g by indirect means the 1am1nate so that the

metal sheet reaches a temperature above the melting
point of the or each polyester f£ilm, and . QJ

(iv) after holding above these elevated temperatures,
quenching rapidly the polyester coated metal to a
temperature below the glass tran51t10n p01nts of the
polyester coatlng resins.

The said composite polyester films are p:eferably co-extruded
polyester films comprising ' '

(A1) an inner layer of substantially non-crystalline linear
polyester having a softening point'below-zoooc and a
melting point below 250°C but abeve 150°C,

(A2) an outer layer of polyester hav1ng a melting p01nt above
220 C.

the. polyeSters having intrinsic viscosities of 0.5 to 1.1
‘measured in o—chlorophenol at 25°C and a concentratlon of 5
gm per litre.

The metal/polymer laminate is preferabiy re-heated downstream
of the lamination nip by use of induction heating means, but
infra-red heating may also be used.



pol yester having a softening point below 200 C and a nelting point bel ow
250[err] but above 150C, (A2) an outer |ayer of polyester having a melting
poi nt above 220ferr] the poliyesters having i ntringii: viscosities of 0.5 to
1.1 nmeasured in o-chlorophgnol at 25 C an@d & concentration of 5 gm per .
litre. The netal/pdlyner | aminate is preferably re-heated downstream of the
| am nation nip by use of induction heating neans, but infra-red heating may

al soAbe used. -8- The tenperature to whi ch the metal ‘sheet -shoul d be
heat ed prigLe g CohBdt8eLERNLCRAMR RALnRR 1N SHIUC IRAM PInd edtdds Lo be
| am nat ed and S0 on em cal nature_ of the said | ms. The uncoat ed

metal may BRiQF k@ clizBinatien: depepds both omhihg d’rh’&?%ﬁﬁ% of nthe FHHms
infra-red 4o hgé PamiRatEQt ahll b2ED. ohcHh® whénfival neAlrs rdf (EhS59abd I ]

~are suitable f truded bi Ll nt PhMa130 t o 250
For cast CHMIR uacBRORYEERERY; eke Lo BRYCHR, Listad Y iRk afry |

ori ented Fridiracti heant Boghexampial,| iimduetdror,0dnfind—-ted 300hak f @i r RET

film of r nity and above 180[err] for cast PBT nonofilm The
tenperatuﬂé% %é%gégéed on re-heating the | am nate downstream of the

| ami nation nip typically are above 270[err] for pol yethyl ene terephthal ate
and 240[ erfémﬁefaeﬁlrég%t' 229%cerePhistftiate GUTERIFIG fOPOEGexOPEded
generally demanpd dwel, |
blaxlally oriented PET f11m, 130 to 250 O¢c for cast
. coextruded polyester film, 260 %¢ to 350°C for biaxially
Lo oriented PET monofilm of high crystallinity or 200°C to
300°C for PET film of low crystallinity and above 180°C

for cast PBT monofilm.

The temperatures to be used on re-heating the laminate
downstream of the lamination nip typlcally are above 270 %¢c
for polyethylene'terephthalate and 240 ¢ for polybutylene
terephthalate. Commercial operations generally demand a dwell
time of approxzimately two seconds only between the re-heating
operation and quenchlng. The quenching is uniform and rapid
and can be accomplished by curtains of cold water directed at
the strip. To prevent polyester crystallisation, the laminate
should be quenched from temperatures above about 190°C; to

\,i prevent blistering the coating should be quenched from below
the melting point.

The 1amina£es of this invention are particularly suited for
.forming into drawn and wall ironed cans (DWI). Conventional
DWI operations manufacture cans f£rom meta; sheet free from
organic coatings by the following steps:-



«tinme-of approxi mately two seconds only between the re-heating operation and
. quenching. The quenching is uniformand rapid and can be acconplished by
eurtains of cold water directed at the strip. To prevent pol yester
crystallisation, the | am nate shoul d be9qgdenched from tenperatures above
about 190[err]; to prevent blistering the coating shoul d be quenched from
bel ow the nelting point. The |am nates of this invention are particularly
suit ed flor —f olmbrdcate thewkinplabed| orraduminium gbeet. Conventional RW
operations manufacture cans fromnetal sheet free from organic coatings by
the foll ow ng steps: -, -aé?l -, Iugrica e the tinplated or al um nium
sheet 22 - = cfuY yiddsGofhdpaterial  bremnthpemgtad gbeek -l ace the

disc on a circular die set and hold in place with a cylindrical blankhol der

ring 4 - advance ungh 1 hrough | bl o rol.l i ng .t he sheet
“noverenf with & é’eola%%(%’r%érég g-cwg}l?ngg §§§I pg&/ %&‘8 ?‘:;é'ﬂotlﬁ‘e S8 by '
forci ng the paridih tshrexwbindhical eblankhoddert mdnget al passes t hrough 't he
die and renove the punch. 6 - transfer the cup to a punch of dianeter
equal to the diameter of the container desired. 7 -  redraw the cup and
force t#e pun@fvanred RMRGREhrough thecdiecseti Whilsgs contirodiling

progressi vel y theplsidet thévéménti withethanBlankhollbelr t he cl earance between
the punch and die is less than the thi ckness of the cup

5 - form a shallow cﬁp from the metal by forcing the punch

- through the die until all the metal passes through the w
die and remove the punch.
6 - transfer the cup to a punch of diameter equal to the
diameter of the container desired.
7 -~ redraw the cup and force the punch and cup through a set
of concentric rings each with a progressively smaller
internal diameter and such that the clearance between
the punch and die is less than the thickness of the cup
material.
8 - the cup wall is ironed and elongated. -
| o ' | O/
9 - restrain the formed can and remove the punch.
10 - trim excess material from the can wall top.
11 - wash the can to remove lubricant and in the case of .

aluminium, etch away metal detritus.

12 - rinse and dry the can.



material. 8 - the cup wall is ironed and elongated. 9 - restrain the
formed can and renove the punch. 10 - trimexcess material fromthe can
wal-l top. 11 - wash the can-.to renove |ubricant apd.in the case of

al um nium etch away nmetal detfitus. 12= jpinse and-dry the can. - 10 -
General |y after washing, an al um ni um beverage can ‘undergoes the foll ow ng
operations; 13 - Chemcally treat the surface 14 - Rinse and dry in a
conveyor CGemerdlly GEteextasihihgy ant AlambastamobevetageCwan haskmpdesl? -
Apply pri d ] c s g the decoration. 19 - Apply an interna
coating (%3‘%5#351%“3’)‘*909??‘%‘83 %gfhe I nternal coating. 21 - Neck and
flange the can, reducing the neck dianmeter to a val ue conpatible with an
end cl osuRg andéﬂéﬁﬂégmhilEi@ggetﬁgrsgggahg seam ng. Alternatively, if a
sel ected external basecodat Is applied, the conventional printing operation
can be replaced by a dye sublimation printing process such as described in
GB 21015304 214%kse Zd Sy 2R 18586nve¥dtOddennd 2147264. After the
basecoat is cured, a paper |abel inpregnated with a sublimable dye is

wr apped around the can and held firmy to itself with a ’

15 - Coat externally with a basecoat
16 - Cure basecoat
o '~ 17 - Apply printed decoration.

18 -~ Cure the decorationf-
19 - Apply an internal coating (by spraying).
20 - Cure the internal cdating.

21 - Neck and flange the can, reducing the neck diameter to a
value compatible with an end closure and creating a
" flange for double seaming.

Alternatively, if a selected external basecoat is applied, the

N conventional printing operation can be replaced by a dye '
sublimation printing process such as described in GB 2101530,
2145971, 2141382, 2010529, 2141972 and 2147264. After the
basecoat is cured, a paper label impregnated with a sublimable
dye is wrapped éround the can and held firmly to itself with a
small amount of adhesive at the paper overlap. The can is
passed through an oven at a temperature above the sublimation
point of the dye and the print is transferred without the use
of solvent. The label can be stripped with air jets, leaving
a prin?ed can with excellent print quality. This is a



-smal'l- amount of adhesive at the paper overlap. The can is passed through an
.oven at a tenperature above the sublimation point of the dye and the print
is transferred without the use of solvent. The | abel can be stripped with
air jets, leaving a printed can with exgel kent print quality. This is a

sol vent-free process, substantially free from at nosphéric em ssions. Drawn
and wal |l -ironed cans (DW cans) nade fromthe |lamnate materials of the

i nvent i solventhd e praesssndspbstantially fosecfiromatmosipharidased ks
after tgﬁggggcgép is formed. Thernoset polyester coatings will readily ™
accept sublinmed dyes and a process for transferring dyes from paper |abels
to DW cans is comercially established. W have found that thernoplastic

PO Yoo Diratin A0 SN Thidied 68hs (DN 6GAR) BHlb! FRfnen 1oty 2
| u | N | | S | ev | AR | S
Lon Rk siE [, e fAvensDoRCaRobe| AbERTaLEd PG PE Lasdh RO

ei ther kenwentiidnalasdbrentcbasddi inkbeakaernghieoDWIr eaes 4 s0fomsedler i ved
froman unoriented film the paper |abel sticks to the coating during the
sublimati on stage and marrs the decoration. The sublimation from paper

| abel | Thexmoset @alygstker agoatingg wihillnneadidm accepst wadl imes:rdyesl

coat i ng aad 0 diRddl) £6r [ EFRRELELESAGAAPEE ECBmCpaDRrUWdd1s WD w20 C.
Under these conditions non-orient PET [ bove |ts°g;%fs transition (Tg),

ed, s a
rel ativERAPSs I QSWP%ﬁ¢¥a}%§ke?Bang§ edr; PRohgyeef that | east, of the
coat i ng theiriopplastic polyester coatings on metal sheet will accept

sublimed dyes. However a high quality decoration from a paper
label is only achieved if there is retained orientation in the
PET coating. If the coating is amorphous, either because it
has been melted in the lamination process or was derived from
an unoriented film, the paper label sticks to the coating
during the sublimation stage and marrs the decoration.

The sublimation from paper label is carried out by

establishing intimate contact between paper and coating and
heating to temperatures above 160°¢ and;usuaily up'to' .
220%c. Under these conditions non-oriented PET is above its

glass transition (Tg), relatively soft and will tack to

paper. If the outer part, at least, of the coating retains .
biaxial orientation, the paper does not stick to the polyester ;;J
during dye sublimation. The outer, oriented material in

contact with the paper has a modified thermal behaviour and

its effective glass transition is not encountered during dye
sublimation.

The problems outlined in dye transfer into amorphous coatings
would make dye sublimation of amorphous  polyester coated DWI
cans seem unlikely. Surprisingly we.ha?e found that DWI cans
formed from amorphous polyester coated iaminates in accordance



bi axi al - orientation, the paper does not stick to the pol yester during dye
sublimation. The outer, oriented material in contact with the paper has a
modicf i éd t her mal- behavi our - ang its effective glass transition is not
encountered during dye sublkination. The prpdlens outllned in dye transfer
i nto anor phous coatings wotl d make dye sublimati oh of anor phous pol yester
coated DW cans seemunlikely. Surprisingly we have found that DW cans

f or mid f r owi Ehotpko psesente dnyrenivixan ccamrbeasescessfiut dyddeceratedl by-
with the p z SHHEEeS egcol a subl i mati on
usi ng stangg ngg SQES dﬁ%liﬁﬁlon condy%+%%§ SH% gﬁﬁ%?%ag%gpicatlon
must prefeﬁaﬂﬂ}tbenﬁcdlfled slightly to avoid | abel contact wth

approxi mately the bottom 2mm of the can wall, as denoted "d" in Fig. 7a of

STk o i isngne SrRdRoar i aiel SratRtably Be RafbriAg.ST3ahely tor
pol yester awblidsllablell comyaot iWith approximatety ahevhottsngmmHOWGt&E

the can fo 'n er d;&;e r t ORgi
coati ngs o%gb gr‘n %tglt gséd#ét’ﬁ rzlsrgn fﬁnﬁé‘tﬁgnﬂgﬁé{iﬁg@g%ﬁ rarses the
effective ¢gaWInGSanD@ﬁ thlsrnnnggﬂuw¢e#ﬁaﬁ@bhowgdrbhgtpapay widlll neken at

the can “ﬁ§E1EQPt%nGrVﬁH&fﬁéﬂé”éHHtfﬂé | NnGend2h1 BpUspEhRiAg!, apatings, so
it is surpr|5|ng that the beneficial f

ect event s Daper. sthkln
Lo o P BmRZBlouRnCosk iR L RRLke T br vhiLhsEibko bRl paRatagE 1t 35

surprisingktgnitact above its Tg. However, the can forming operation
i introduces orientation into the polyester coatings of the
laminates of the present invention and thereby raises the
effective Tg. The amount of induced orientation is relatively
small even at the can wall top and very different for internal
and external coatings, so it is surprising that the beneficial
effect which prevents paper sticking is so pronounced.

The laminates described in this invention can surprisingly be

manufactured into DWI cans whilst retaining excellent coating

integrity and adhesion. Furthermore the coated containers can
be decorated by conventional printing or by a dye sublimation

process.

K/f The laminates of the present invention can also be used to.
manufacture other packaging components, particularly
non-retorted packagihg components. Typical examples of such
other components are: |

‘Draw redraw cans for beverage products for example 54 mm
diameter by 70 mm height cans made from 0.21 mm ECCS,

350 N/mm2.

. Scored easy open beverage can ends for example 65 mm
steel or aluminium ends.



- manuf actured into DW cans whil st retaining excellent coating integrity and
adhesi on. Furthernore the coated contai ners can be decorated by
conventional printing or by a dye sublimtion process. The | am nates of the
present invention can also be used ta fggnufacture other packagi ng
conponents, particularly non-retorted packagi ng conponents.- Typi cdl
exanpl es of such other conponents are: Draw redraw cans for beverage
products for iepteal Sdeoi dbaongeenly £0rmoblonghicommngnese. from 0. 21 1y
ECCS, 2 350 N [err] Scored easy open beverage can ends for exanple 65 nmm-
steel or alum nium ends. - 13 - Integral neck oblong ends for oblong
cont ai ners. FRaimtcaanceddcooppasentsssuchaas inigg cradsiahd apaps Aer osol
end conponents such as cones and domes. The principal advantages of this
invention are:- elimnation-of all solvent em ssions is_nade practicable
and envi r onneMeEPSPL 0BREt COMPPRENES SUEH. asyCones AthARMeS can be repl aced’
by small rinsers, saving the washer chemical costs. - ener gy
consu ion is reduced_by cutting_d the _nunher of oven passes necessary .
Co comns 1 TREERAL “RaPERFEReB.0f BAIEcdRARELON AR Rd. |t he i nter na
protection of conplex base profiles is :

- elimination of all solvent emissions is made practicable

and environmentél protectidn is improved.

- large can washers can be replaced.by small rinsers,
saving the washer chemical costs.

- energy consumption is reduced by cutting down the number
of oven passes necessary to.complete the can.

- external base protection is improved.

- ' the internal protection of complex base profiles is
improved.

- the use of can making lubricant can be eliminated.

- the size and cost of a factory installation and the - \_J
operation labour costs can be reduced.

- external print quality is exCellent;
Throughout this specification, intrinsic viscositieé are
measured at 25°C in o-chlorophenol solutions at a

- concentration of 5 g/l.

The present invention will now be described in further detail,
by way of example only, with reference to the following



i proved. the use of can making lubricant can be elinmnated. the size and
cost of a factory installation and the operation | abour costs can be
reduced. external print quality i $ excel | ent. Throughout this
specification, intrinsic viscosities are Q4masureg at 25[err] in

o- chl orophenol solutions at a concentration of 5 g/i The present invention
wi |l -now be described in further detail, by way of exanple only, wth.

r ef enghce Bxanpkes ol andi wijth refeatenCExa:mpltél@ foidoving rdxfarimgs, tint he

fol | ow ng y{f Ngs, in which:- Figures 1.and 2 show di agrans of apparatus
suitable for performng the process of the present invention; Figure 3
shows a section taken through a | aminate in accordance with the I nvention

and conpﬂgﬁgut@@np aﬁaezedhaﬁtﬂﬂagrhhbﬁbf(Ebﬂ&%ﬁﬁﬁﬁfﬁhiﬂhﬁﬂémﬁé& strip
(M; Figure 4_shows atﬁect ion take h‘Pou an nateq.si mlar to that of
Hure 3 (RRETEORHAT atB8 BESFeEBBF ERELFRRSPI AAESYAN (&) | am nated to
a netal strip (M; Flgure 5 shows a sectlon taken through a |l am nate
simlar t e.d Ny’ ﬁ],?j g B) of
thernnplaqﬁ iﬁfol %n?ngggglﬁg %%e opng?{ S|de t%e netal strip
(M; Fugurec@peﬂenseaWéEh the FBW#@Glpmb@ﬂﬁquﬁﬂﬁ&%ingtmﬁﬂﬂﬂ¥EM§é3d
polymer films (A) laminated to a metal strip (M);

Figure 4 shows a section taken through a laminate similar to
O that of Figure 3 but having a composite multi-layered polymer
£ilm (A) laminated to a metal strip (M); X

Figure 5 shows a section taken through a laminate similar to
that of Figure 4 but containing an additional film (B) of
thermoplastic polymer laminated to the opposite side of the
metal strip (M); '

Figure 6 shows a can end formed from a laminate in accordance
with the invention; and

Figures:7a'and 7b respectively show a .drawn and wall-ironed
_ can and a draw-redraw can formed from a laminate in accordance
\_/ with the invention.

Examples 1

Polymer/metal/polymer laminates were prepared by a lamination
process performed in apparatus as illustrated schematically in
Figure 1 or Figure 2 of the accompanying drawings. A metal
sheet M was pre-heated by infra-red or induction heating to an
appropriate temperature Tl by a heater 1. Temperature '1‘1

is usually within the range 140 and 350°c. Polyester films

A and B were fed from feed rolls 2 and 4 and iaminated to the



with the invention; and Figures 7a and 7b respectively show a drawn and

wal | -ironed can and a drawredraw can formed froma lamnate in accordance
with the invention. Exanples 1 to 13 Pol yner7netal/pol yner | ani nates were
prepared by a | am nation process perferX®d-in apparatus as illustrated

schematically in Figure 1 or Figure 2 of the acconpanying draw ngs. A netal
sheet Mwas pre-heated by infra-red or induction heating to an approprlate

t enper at oppopdite sides mbitthe pre-hegkedingtalisheetshetveeni thin the W
range 149&&%&&%@%11&8;/@ee,g;siémf ﬁ@i&ver&iéﬁétéfoarf ﬁse-agb' S¥2

and 4 and | am_ nat,ed .t,0o the te sydes,of th eated neta
sheet beffeen LRRIR, ;9ﬂ1W4§IQFQFrQQIY)é%¥éﬂ¥%9¢ER§ a?d?é F€F°8f°§00 400
M  Lankoat-400 N pege iatd \boewdan nelte Usambnativm fo1Te.of 200-400. N per
metre between the lamnation rolls. In the lam nation nip, intimte and
uniform winkle-free contact between the mnetal sheet and the pol ymer
films i sInsthel lsmdmattomsiiparintinake |and neniformol veinkkeréreet ant

| ami nat ecbatséthwﬁf&expraiérﬁ&m bshese HMa ghé &p hs%&uéo or by
i nfra-red heati,n to a |l amnate tenperatur. whi ch the p x
filns (APSkPPLished-acDRMIFLERAR R e s%#wg# FRLls the Repuitante:.

Tenper at ganihate] is xtts-!ltéé'l;ed\ﬁ tﬂm-étéfaxpnw t?s?é) afidar 7hatetiBRT and 260
E)? 20?[en§3%§’€%r %E@ \ﬁme'r*% r&%o {ﬂlﬂ&m'@@tf iémmégea&empe a {'ﬁ.gre T
" at which the polymer films (A) will interact with and

become strongly bound to the metal sheet. Temperature Tz
usually within the range 220 and 270°C for PBT and 260 to
300°C for PET. The metal polymer laminate is held at
temperature T2 or a temperature below Tz,for a short
period of time, usually no more than 2 seconds, and is then
rapidly and uniformly quenched with water to a temperature
below the glass transition point of the polyester in the
films, for example about 80°%¢ for PET. Quenching can be
performed in any conventional manner, but. typically can be
performed by passing the laminate through a tank 12 of water
as shown in Figure 1 or by passing the laminate through
curtain 14 of quenching water as shown in Figure 2.

is

-

In general, the process illustrated in Figure 1 with the ‘;)
lamination being performed in a vertical mode is preferred.
Vertical movement of the metal strip through the lamination
stage tends to allow a higher quench rate and givés better and
more uniform quenching.

Figure 1 also shows a schematic diagram of a typiéal_
‘temperature profile which would be found in the process
illustrated in the apparatus of Figure 1.



2 7 2 period of tinme, usually no nore than 2 seconds,
and is then rapidly and uniformy quenched with water to a t enper at ur e
bel-ow the gl ass transition point of the pol yest er |p the filnms, for exanple
about [err] for PET. Quenching can be perfiérred in® ‘dny conventional nanner,
but typically can bé performed by passing the | am-nat e through a tank 12 of
wat er, as shown in Figure 1-or by passing the |lam nate through curtain 14 of
quenchi ng Thaxsr kamimabes i weregnreparedn fyonetie mart@rpqai@emwen uigt r at ed
in Fi gurerlawémtxfse PPEhaaLing PRoNAcRSN’ BLTRS b dnfalird dpde IS

preferred., Vertical™ novepent nmetal strip throug am natjon

st age tendé‘df‘%Fta’fQ’va%aHﬁ%erpﬁﬁﬁhﬂﬁ FHFem&ﬁélgls\Féé-Pb@ﬂderP%]ﬁ@%rfeﬂtﬂﬁ form
que][lclhl naﬁﬂcgta eﬁaﬁlép ﬁi'g%oa%ﬁchﬁﬂauhﬁuﬁlai%lgh@”mt fthanta»jmcaleﬁﬁnperat urfe
profile which wou und in,the.process_il.lustr [ e a us o
E qure’ 1 Butkages wiiful faneabfik iaPh  BRRD Roda B Aiihe oA HAEU

Tabl e | by gmiaiecte iqutteheataﬁ byr ipfira-refr axr dddmetiiooyc thednd i’&h:tvtmg,

passi ng t%bdﬁaéoéttgvb %Q?oﬁ&&yﬁﬁ& &hLHE LBl 2 1?%5{ a?{]d %rﬁfo%r&lﬁreand.

| am nati ng bo surfaces “simu taneo r f|Irrs..
The resul ®dkh |egadhHt@Bs reheated by infra-red or induction, heI d above
200 [err] for two seconds and quenched rapl dly and uniformy vmth cold

wat er. Tabl sets out a nunber of a es_.showing.the results
%le II sets out number - Eé EB mples showing the results

obtained when _prepanng such laminates us:.ng_varlous metal
(L temperatures ('1‘1) in the pre-lamination stage and various
reheating temperatures (Tz) in the post-lamination stage.



obt ai'ned when preparing such | am nates using varjous netal tenperatures
.(T1) in the pre-lam nation stage and various reheating tenperatures (err)

in the post-lam nation stage. - 17 -~ TABLE | LAM NATE TYPES. LAM NATE
Filmto be | am nated Met al Sheet Filmto be | am nated TYPE
to one side of metal (Thi ciBEsy -~ to other side of sheet -
“ (Thi ckness) LAMINATEQEXRES sheet (Thickness) A PET
conposite - Type | 3004 al I 0 PET (‘nrman'rpl 'I;vnf; |1 (1Rtmdr‘rnn
(0. 31f ATE | FA18 e geom-}n ed “ﬁ?mﬁ’éﬁﬁ fil % m fo be aaminated) 3004
al | oy monofil & i.n.é crness HBhest  (Thickngsy| ONS)
C PET com:)05|(t ype. A__3004 al I o PET mrmrm te -Tyme |||
(15 nfcrons) 0317 nmj 15 m(r
conpoki de - Typ&EE ‘F°'“P°I!€I-t°300m foy Q’Eél g“{elSTI'ﬁe For s)
(0.31y mm ((lf ifﬁ s) E . cormOSIte- ype 111 AI 3004
all oy PET conposite. -Type I'T (15 mg¢rons) 0 317
(25 n{cBons) F| PET monofPBY npnofil| m _‘:‘1, 3994 alloy W I oy PET .
conpo$ite - Typp $*2(B¥59P8} ons) "l 31 (18 m crcns) G
PET c¢mposiTE TYpe TT11 A 3004 allToy - PET confosite -Ty e 11
m crofsyk PET compolkfité —FrypesBII 153°(gi4cilb‘r?§) ﬁ gm_np Pe |I|II
PP coffposi te - | T¢Afemiczons) ol 3004 gl KByRL7PERkonobt’ BiC °‘I‘§be 11 (25
m cr ofs) (0317 m (40 m crong) . "PET
conpogi - TypeeEd & o&litéBGOztmd bt ] RR : ahlaye PETT osite -Type I
P e Y (15 mgggons) ¥ (0.317 Yy (18 z&mgons)
E PET composite - Type I1III Al 3004 alloy PET_composite =Type II
{15 microns) (0.317 mm) {25 microns)
F PBT monofilm . _ Ai 3004 alloy| PET composite -Type I
. (25 microns) (0.3;7 mm) (18 microps)
G | PET composite — Type III | Al 3004 alloy' PET composite —Type III
(15 microns) Mill Finish (15 microns)
{0,327 mm) _
H " PP composite -~ Type 1 Al 3004 alloy. PP composite . -Type II
{25 microns) (0.317 mm) {40 microns)_
I "PET composite - Type III Al 3004 alloy | PP composite -Type T
{15 microns) (0.317 mm) {25 microns)
| J PET composite - Type IIlI ECCS 350N/mm2 | PET composite -Type III
(15 microns) {0.31 mm) (15 microns) ;_j




(15 n1crons) (0 317 nn) .(25 mcrons) PET conposite -
Type K| ECCS 350N m2 PET conp05|te -Tybe [11 (15 m crons)
(0 31 M) (15 mcrons)., 18 - KEY TO TABLE | PET conposite - Type
Co- ext ruded cast PET’ conp03|te fLl gghavi ng&¢i) inner layer which
|s a copol yester of " terephthalic aC|é#&1i£ﬂ§$E#£ﬁge gl ycol and cycl ohexane
di methanol, and (ii) outer:layer- whi nmopol yner with an
i ntrikpsi c VISCOSIty greateﬁ than 0.9. PET conposite; - Type II: As PET
conposite ddiet: Jy in T p er
| ayer. PET Co- é§§$§%égh§gng§FFyb%??%%ﬁ%%%&éﬁ
conposite f|In1haV|ng (i) |nner Iayer fikimhhavingeopol yest er of
terephthalic acid and |sophthaI|c acid with ethylene glycol, and (ii) outer
| ayer which_.is a PET honmopol yner. wyth an intrinsic viscosity. of approx. 0.6
(0 0.7, PEfidondmneF layer Which is 3cqopoiResret oErTaD thajicaacid
oriented PET hawith Iemfyme: J1¥Esb i and ofyepohaxane. 8imethanolBand

nmonof il m Monof il mof cast polybutylene terephthalate (PBT).
PP conposite - Type |I: . Cast co-extruded pol ypropyl ene conposite film
having: =~ (ii) outer layer which is a PET homopolymer with an intrinmsic

viscosity greater than 0.9.

PET i i : As PET composite - Type I bhut
U s additionally incorporating TiO2
pigment in outer layer.

PET m i - I1: Co-extruded biaxially oriented PET
composite f£ilm having:

(i) inner layer which is a copolyester of terephthalic acid
and isophthalic acid with ethylene glycol, and

(ii) outer layer which is a PET homopolymer with an intrinsic
viscosity of approx. 0.6 to 0.7.

PET monofilm: Monofilm of co-extruded biaxially
N oriented PET having intrinsic
viscosity of approx. 0.6 to 0.7.

PBT monofilm: Monofilm of cast polybutylene
terephthalate (PBT).

PP ite - : Cast co-extruded polypropylene
’ composite £ilm having:

(i) inner layer of‘maleic anhydride graft modified
polypropylene, and '

{ii) outer layer of polypropylene.
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1(L) Tnner |ayer of maleic anhydride graft nmodi fi ed polypropylene and (ii)

. outer layer of polypropylene. - 719 - PP conp05|te - Type I1I: As PP
conposite - Type | but additionally having outer |ayer pignented with Ti Q2
and synthetic silica. Al 3004 Alloy: - 19 - Al um nium al | oy 3004
havi ng a chromat e- phosphate surface treatnment (Al ocrom A272). Al 3004
Al oy-M 11 Finish Al um nium al |l oy 3004 uncl eaned and untreated after cold
rol I'ing. - 20- TABLE 11 EXANPLE LAM NATE - METAL : REHEATI NG 5
XRD ([ & ikk P rmabi |lpg wmﬁrﬁe TEI\rfﬁ@Tj;J%u{ EI\/PERAleﬁE
(err ) Jerr err 24 cellent 1

180 240 _ additionally haV{pg °“E§EEiF¥ﬁF 2
A : 180 280 " pigmented with Ti02 andxsghthatid
B 300 280 '5111ﬁ#) 0 Excel l ent 4
B - 280 240 29 2000 Poor ' 5 . C
220 - 280 C : Excel | ent
Al 3004 Alloy: Alum1n1um alloy 3004 having a

_chrpmate-phosphate surface
treatment (Alocrom A272).

Al 4 Alloy-Mill Finish Aluminium alloy 3004 uncleaned and
untreated after cold rolling.

-«



6 - c 220 240 0. 2000 Poor 7
D . 200 280 ' ' 0 Excel l ent 8
E 200 -260 ’ 0 Excellent 9
F 200 260 Excel l ent 10
G 220 - 30 0 o Exceftent— It
H s LAMINATE, | METAL REHEATING | XRD (6=13°) r | Formability
150 \5, 270 MATERIALS | TEMPERATURE| TEMPERATURE| Pqor . 13 22b
280 | (T))g 2d 14 Ratio | 220 24D
0.29 2000 | a Poor - {18021 - Thlzdoani nate|formabilitly was hsmﬁ@htb/
coating [coveragp after drjaw and wall ironing fhe lamnatp in tjo stages:t
Stage 1: a cpg (hel .ght nm di aﬂ%t er 8-_6 M was dr ajwn ro*n%%
| am nat g, sui taJI y lubri ed. St age can body (dj anet e} Shgnt
hei ght 1B6—mM)y—vas—forme redram ‘||g ard—wat—rron g ARter o he
cans werfe-ri nsefl B n wat er %Pﬂd dri edl 28@oat i ng fovertge a%se:s%‘ﬂ-‘»eﬂ}ent
i mrer si in acldified cqppner sulphiate for twh minputes d vishally
i nspectijhg 4§ or taoper depozaots or thmo'enanel |ratomy' tefkhkoboup wdrng a”
sodi um chl ori dej sol uti on, a vol tage} of 6.3V apd neasuring currgent in
mlli arrpi. g ne  uence 2b am natrr% tenperptures on the pol /eﬁxcellent
coating gtructufe and _f__or |I|ty 0 he Iam nat e was assessed ay
di ffract —+mrtirs—technt ttre—frtnror—tenrratetTs—pracedt a1l7\Ty
di ffract pmeﬁ er. | unt ratjed? re rreas%ﬁ"ed when t he%f3%t sh#BPes| aPrexpospd
to a bea i
N 7 D 200 | 280 - 0 Excellent
8 E 200 260 - 0 Excellent
9 F 200 1 260 Excellent
10 G 220 280 - o Excellent
11 H 160 - 1 270 Poor
12 1 150 270 - o | poor
13 3 220 280 - 0 Good
14 J 220 240 0.29 2000 Poor




substhntlally nonochromatic X-rays usi ng an approprlate detector The
sappl e and detector are rotated in‘ine with respect to the beam :
mai nt ai ni ng the geonetry such that the angl e between the sanple and beam
(err) and beam and detector remain in<tl2g ratio 1:2, as in a nornmal powder
diffraction scan. This data generates information on planes parallel to
the sanple surface. In biaxially oriented PET, the (1,0,0) plane gives a
hi gh coUPhe rtaminateeformabddisyr Pabutasslesaﬁdr rhmmait‘a“hg heoperages abségy .
The ratigeddr [Sfak and kail] 1R6AMnBCHR 3 dfind dliip G Kt dgdal LS 1 el ated
to the anobunt of retalined orrentation In am nat e sults are
presented as the ratio of peak heights and the | am nated PET coating peak

hei %ht hfSIEa@e;_li& @ cugi(g%gmtnasemt Jiadleted B m(ai)ecb:aEil accorg?nﬁed
with the teaching o Q Letain,orientati e e a
poor formability anddFQVPe g elggﬁyqﬁﬁﬂuﬁﬁéaﬂéi% iﬁkﬁ&?agg%r severe
coating disruption. However, when |am nate naterlal ‘B was processed to

el i m nat egtatio I E)iﬁm* cel.l ent
f or mabi I%%’éan affo?dgaﬂg §§t 3(L)ilt1e§it faoér’l: after ‘form e %5:? 'Frnfﬂ?/gé
biaxially oriented cfexmeddby F&#Fﬁ&ﬁ@%ﬂﬂﬂﬁ”ﬂﬂli(JﬁﬂnimgaJso gave good

formability if amorphous, and poor fornablllty i f they retalned orientation

in the | ap nat conpar e, Exa e 5 wth le 6 and Exanple 13 with.
Exam) o AESeE Eot EbR GARBEYOSF ABREEGLLM 3@ tRE G (GEtede, | pr ovi ded

Coating coverage was assessed by immersion in acidified copper
sulphate for two minutes and visually inspecting for copper
deposits or the enamel ratlng techn1que us1ng a sodium
chloride solutlon, a voltage of 6.3V and measuring current in
milliamps.

“of

The influence of lamination temperatures on the polyester
coating structure and formah111ty of the laminate was assessed
by x-ray dlffractlon. In thls technlque, the £ilm or lamlnate
is placed in an x-ray dlffractometer.- Count rates are
measured when the flat Sampies are exposed to a beam of
substantially monochromatlc x-rays using an approprlate
detector. The sample and detector are rotated in 11ne with
respect to the beam, maintaining the geometry such that the
angle between the sample and beem:(e) and beam-and detector Q_;
remain in the ratio 1:2, as in a normal powder diffraction
' scan. This data generates 1nformat1on on planes parallel to
the sample surface.

“In biaxially oriented PET, the (1,0,0) plane gives a high
count rate at & = 13° but in'amorphous PET the peak is
absent. The ratio of 6 = 13° peak heights for laminate and -
£ilm is related to the amount of retained orientation in the
laminate. Our results are presented as the ratio of. peak
heights and the laminated PET ccatinq peak height for 0 = 13.



they were | aminated to produce an anorphous .and not  a crystalline

condition. A crystalline condition i's produted for exanple by slow cooling
fromthe reheated stage. Exanples 11 and 12 show that |am nates fornmed from
pol ypropyl ene nmaterials of the type descripgd_in GB 2003415 exhi bited poor
formability. Such | ami nates were found to give netal failure in can

form.ng. The extent of re-orientation of the pol yester coatings was

assessed by amindte naterdi#lfE aumiwdted r Dhedccordiiide with the It@ﬁldmtr@

ot b Lokt B B A R Sodusd SciShbQHBY, (554 E3a8E35, A5 Balf By
base - |ntépmmahmimhyupnd failed to make cans<gsdthountbmetal hraahuﬂg or
coating

100 Car WaFFvere coa eﬁl ;@ié@n HowedEP, wh@ﬁeiﬂgé’n(é%@t h@%er:ﬂ% Bor
data confi @8 @H@FQﬁﬁﬁdeﬁﬁrﬁ%%ﬂi%#k%tOﬁhﬂnﬁﬁbiﬁho§8d06§Y$ﬁ§§1éﬂét§hoﬁ§

that the uppeExaHpIMAld, it HddEtdePIéRt £6rmaABi Lity hAA hFEoTBRACYovdle
coating. The lo 2 of the can wall external coating were not
S|gn|f|canPI9@§gi%&%xP TP ng and renmi ned essentially anorphous.
The external walls of DW cans fornmed fromthe | am nates of Exanples 1 to

the T esul t SAPRLGRE MFEREL T, Bt ot o WeninRe [pfiRate PiSetides fo

not in and J also gave good formability if amorphous, and poor
formability if they retained orientation in the laminate
- (compare Example 5 with Example 6 and Example 13 with Example
14). ' '

Cast, unoriented PET or PBT coatings were effective, provided
they were laminated to produce an amorphous and not a
crystalline condition. A crystalline condition is produced
for example by slqw cooling from the reheated stage.

Examples 11 and 12 show that laminates formed from
polypropylene materials of the type described in GB 2003415
exhibited poor formability. Such laminates were found to give
metal failure in can forming. ’ '

% The extent of re-orientation of the polyester coatings was
assessed by examining a drawn and wall-ironed can made with
the laminate and the conditions of Example 5. The following
results were obtained:-

Sample Location IXRD (6 = 13°) Peak
Can base - internal coating <50
Can base - external coating <50
Can wall top - internal coating 100

Can wall top - external coating ' 450



Ttont4ct with the lower 2mm of the can wall, region "d" of Figure 7a. -

. 24— CLAIMS: 1. A process for making a | am nate of netal and
non-crystalline polyester, characterized by the steps of: (i)- providing a
sheet of netal and a film of biaxially-28iented polyester having a

sem -crystalline structure, (ii) heating the sheet of netal to a
tenperature [err] above the nelting point of the film (iii) applying the
film toTbne)é!ﬁbé{aﬁmdtqn%*m ukkatnbhenyanigaked: Fbﬁgtsgéﬁ e et sout Qe
surfaceceatingsf idnd rsHBwS stSt ovhé t SppeLt 88 RaLNt i50sheghEay i niti al
Ianlnate,,géi)dPeathg the_initial Ianrngtedby |%gLrect.neans so that ‘the
filmisOriedtedmene R L0% Hhe F7R ABEIEAL CORELPPng point, and after
hol di ng at such el evated tenperature, (V) guenching rapidly the heated
initialhams t t at ' S ansi t.Qn pai.nt of the
pol yest .éJrh %t &%?itc?%m%)ﬁ@n am%i %ﬁa?ngiﬁg\tl\%ﬁggrﬁé? a?oé%gﬂﬁo%e%r%yglt%atl i ne

pol yest significantghp afifeckedrby ngarnofeorainglandcremained eissendiially
orient edmp@pwduser filmis fornmed by stretching anorphous extruded pol yner -
by a factor "between 2.2 and 3.8 along its length and between 2.2 and 4.2
transversely. 3. A process according to claiml or claim2 wherein, in step
(iv) thaheniextdrislriwel ks i of PWIedahy fodmedi feom the laminates of

Examples 1 to 13'were_decorated_by_a conventiohal dye

' sublimation process. The quality of the resultant decoration
was found to be exgellént,.provided'théllabél was not in
contact with the lower 2mm of the can'wall, region “ﬁ"of
Figure 7a.
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4. A process according to any one of .clainms 1 to 3 wherein, in step (V)
the heated initial lanmnate is quenched_bygpassage through a curtain of
cold water. 5. - A process accordi'ng to any one of the preceding clains
wherein the biaxially oriented polyester conprises polyethylene

t er epht hal apgagmspol ybutyl ene terephthal ate. 11 =~ -25 - 6. A process
according to claim5 wherein the sheet of netal is heated in step- (i) to a
tenmpexature [err] in a range:140[err] to 350[err]. »7%: A process according
to any one 4f. t ha prosmisifaxt aakcingca claminateocbfchetalf ahdh contains
PLOTERLS 5. norhoHRAEAS RS Ul yiidh ¢ GhdldcELRLach oY SPlleDkeEpS BirdDS
of:- (a) providing a conpositefiImconprising an 1 nne ayer of polyester
(Al) and an out e{}ayePRAVIHRE & Fheed)ofmpekal sapdprafidm ¢Lori ent ed

pol yest er hb‘ih'?ﬁaﬂl%rﬁrﬂ?é@'ﬂdlﬁﬁéﬁ%&#ﬁ?(5) seli¢atikpathiieinkeet netal

to a tenperature T above the softening point of the inner |layer; (c)
appl yi ng th§QE5ﬁ&ﬂﬁﬁ%afiln1to the heated sheet netal under pressure and

under conditions (duigh tHesttinye the csheet faf aneébaykrtocantempbrhturet §

nel ting poi Qs %e“?epéﬂé iaq%iﬂ'@rgf] e ffigpheating the initial | Ami nate

by indirect means to a tenp: ure [err] above the nelting point of both

t he i nner (iii) applying the film to the sheet under pressure and

under conditions such that the outer surface of the film

remains below its melting point to form an initial laminate,

' (iv) heating the initial laminate by indirect means so

that the film is raised to a temperature Tz'above its

melting point, and after holding at such elevated temperature,
(v) quenching rapidly the heated initial laminate to a

temperature below the glass transition point of the polyester

to form the aforesaid laminate of metal and non-crystalline

polyester.

2. A process according to claim 1 wherein the biaxially
oriented'polyéster film is formed by stretching amorphous
extruded polymer by a factor between 2.2 and 3.8 along its
length and between 2.2 and 4.2 transversely.

W, 3. A process according to claim 1 or claim 2 wherein, in
step (iv) the initial laminate is heated by induction.

4. A process according to any one of claims 1 to 3 wherein,
in step (v) the heated initial laminate is quenched by
" passage through a curtain of cold water. -

5. A process according to any one of the preceding claims
wherein the biaxially oriented polyester comprises
polyethylene terephthalate or polybutylene terephthalate.

A
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and outer layers to nake a laminate; and after hol ding at such el evated
tenperature (e) quenching the lamnate rapidly to a tenperature bel ow the
glass transition points of the polyesfers to achieve a {amnate of sheet
netal and polyesters in which the fTIffin the laminate is non- crystalline.
A process according to claim8 wherein the biaxially oriented filmis

ferned St 12 d b naran
?’ 8 hﬁ%lts | .:?]cgﬁ L4 Se&*&E1 4R A5 PEhYPEL n Tﬁhé &ﬁ&&?ack 98

2.2 to al o stretched transvers ¥ tor in ags
range 2metad 4192 heafed Al kR s(htcoP it nfemBeERBIRRSTr 18| & KADIRher ei n,

in stepigd®d heo lmoT@ e i s heated by induction. - 26 - 11. A process
according to any one of claims 8 to 10 characterised in that in step (e)
the | am nate is quenched by passage through a curtain of cold water, 12. A
process 7accor2dipmy¢esmrwcmmdhﬁgctai amy Sone &f therprecefiéngnodaimsyer is a

po!yestg&F%%ggf (él()éy ﬂ k. gfﬁlé&ﬁgglﬁ%ygggﬁgﬂglyester of terephthalic

acid an and a copo f 80% terephthalic acid
and 20@6isophthallc acid with ethylene glycol. -13. A process according to

any one aof ClaigFoded® ddcdP@ind Ncdhelames baaeactérigeanag than the outer
| ayer. A§ﬁéecess according to any one of clains 8 to 13 wherein the

out er ol yet hyl ene terephthal ate. 15. .A process: according to
clain114_mhere|n t he pol yethyl ene terephthalate is biaxially oriented and
has a crystal{iyid¥oviding a composite film comprising an inner
layer of polyester (Al) and an outer layer of polyester (A2)
which is a biaxially oriented polyester having a _ o’
semi-crystalline structure; _ _

(b) heating the sheet metal to a temperature T1
above the softening point of the inner layer;

(c) applying the composite film to the heated sheet
metal under pressure and under conditions such that the
outer surface layer remains below its melting point to make
an initial laminate; ' S _

(d) heating the initial lamlnate by 1nd1rect means to
a temperature 'I'2 above the meltlng point of both the inner
and outer layers to make a 1am1nate, and after holding at
such elevated temperature

(e) gquenching the laminate rapidly to a temperature
below the glass transition p01nts of the polyesters to
achieve a laminate of sheet metal and polyesters in which

the film in the laminate is non-crystalline.

9. A process according to elaim 8 wherein the biaxially
oriented film is formed by stretching an amorphbus extruded
polymer by a factor in a range 2.2 to 3.8 along. 1ts length
and - stretched transversly by a factor in a range 2. 2 to 4 2.
10. A process_according to claim 8 or claim éewherein, in
step (d) the laminate is heated by induction. = °

L
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greater than 30% 16. A process accordJng’to any one of clainms 8 to 15
wherein the outer |ayer of polyester includes a pignent. 17. A process
according to cla m 16, -wherein the pignent is titaniumdioxide. 18. A

| ami nated netal sheet conprising sheet me2&l ;- one or both nmajor surfaces
havi ng adhered directly thereto a conposite polyester film wherein the

conpesite polyester filmco | : gaé .an i nner. ester la er of a
substanti atty n%h95?9§§§l??%8 FiﬂgaF P¥e§?§r°ﬁa admg 8ofLedi®ng poi nt

bel ow 200[chatacterised in that in Qtepmeépl ﬁgepmanﬁnb.ebOWsZﬁQeﬁdlwd dyove
150 G E”T?é%%ﬁﬁgnﬁﬁgéﬁéPpglXSELS n|8¥eFoEQV%Q@ﬁ§ nel ting point above 220 C

and forne |y orrented pol'yester having a sem -crystalline
structure; wherein: - 27 - (¢) both | ayers of the conposite

pol yester {3 m&fpi»aéegarraaaafdﬂﬁs g8bah@nbha! b& e&alﬁ@y%t %'o' 'ﬂewh@}%l@ﬂ)

the polyester fil'mhas an |ntrinsic viscosity between 0. :
measur ed i HP®- E%P%Fobﬂﬁﬂﬁl1§taZB°€Y§ﬁHe§ EBRESﬁtﬁﬁPPOH SF°9§WF§@FH$Q%Q9
such that éfe aaaa:pmydsﬂafabfs’eeeéphshameahbedf ahdnnkzbnalﬂyawicand val |

d h I %
ngpgctg?péﬁ ]ﬁkl?ha?§§h n%%ﬁ%fgegggpo? egﬁg %%Fgﬁg%§%§ﬁ|s%§%§gl @P%Iayer
ofla Pﬁ;ygﬁzfvhthabnpoagbétv&tbeebbeenérghyché group conS|st|ng of :
pol ye

a13. A process acoordlng to any one of claims 8 to 12 wherein
the inner layer is thlnner than the outer layer.

Y
1l4. A process aCcording'to any one of claims 8 to 13 wherein
the outer layer is a polyethylene terephthalate.
15. A process according to claim 14 wherein the polyethylene
terephthalate is blax1ally oriented and has a crystalllnlty
greater than 30%.
16. A process according to any one of claims 8 to 15 wherein
the outer layer of polyester includes a pigment.
17. A process according to claim 16, wherein the pigment is
U titanium dioxide. |

18. A laminated metal sheet comprising sheet metal, one or both
major surfaces having adhered directly thereto a composite
polyester film, wherein the composite polyester'film comprises:

(a) an inner polyester layer of a substantially non-crystalline
linear polyester having a softening point péiow 200°C and
a melting point below 250°C but above 150°C; and

(b) an outer polyester 1ayer hav1ng a meltlng point above

| 220°% and formed from a b1ax1ally oriented polyester
having a seml-crystalllne structure, whereln'
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t er epht hal ate; -a copol yester nmade from'et hyl ene glycol, terephthalic acid
and a second dibasic acid; and a cdpol yester nmade fromterephthalic acid,
et hyl ene gl ycol and a second di hydric cohof. 20. A | am nat ed net al
sheet according to claim 19, wherein the inner polyester |ayer conprises a
copol yester of ethylene glycol and 80 nole % terephthalic acid and 20 nol e

% i sopht hgkhc aci Bothl 1ayersAdfarﬁua=a@@hp&tﬁe P ALO (i 1Y c{]f) €&l m 20
characterised in ?hat t he CO%P%g%E%a i l.m.i.s a coextkgflon whi ¢

thermal Iy bonded R tR X ntiglly,neR-Grvakail %ﬁﬁﬁﬂa%&cordlnd'{o
cl ai m 21, (@har act &hies po lyestiext fiille duatscran ayﬁ:rﬁsumlwmcfsxﬁ;s
pol yet hyl ene ter epRihRkal o 52%nd 1, IA%@' ? ﬂé&'fﬁ”ﬁ éﬁﬁ%ﬁ?ﬁ

I'ne er ‘made

cont ai ner body froma ban1n non-cry stal
by a process accoPdi B§ Fbaaﬁyaoﬁen@pnﬁnﬁthnaoﬁbSym<neywimtnesed by the

further step of ! gueh ®aat’ ¢he hadidEted metAURkHMR NG AuAYbIA!I | and a
side wal | _upstandi ng fron1th% aerlpher %f t he end wall and ‘covered by said
5P baKindy ar 1’lrghe |

filmof p ng.darawn an r £ans. 55, 24. A process
according to claim23 conprising a further step of forn1ng a can body by
redraw ngyghe cup t t lsa necr e the hei ght
of said Wa?l A Kahr?.gx?g:gg g%c?g’rldgzlte%rt % 8% m cli lrcﬂ'ﬁvml ch

CoerrlseScharacterlsed 1n that the compos1te polyester f£ilm
.comprzses ‘an 1nner 1ayer of a polyester or copolyester
selected from the group con51st1ng of: polyethylene
terephthalate; a copolyester made from ethylene glycol, \.)
terephthalic acid and a second d1ba31c ac1d, and a |
copolyester made from terephthal1c ac1d, ethydene glycol
and a second dlhydrlc alcohol

20. A 1am1nated metal sheet accordlng to c1a1m 19,
wherein the 1nner polyester layer comprises a copolyester

of ethylene glycol and 80 mole % terephthalic acid and 20
mole % isophthalic;acid.

21. A laminated metal sheet according to claim 20
characterised_ih that the composite film is a coextrusion
which is thermally bonded_to the metal.

22, A lamiuated metél_sheet according to claim 21,
characterised in that the outer layer of polyester is
polyethylene terephthalate._i“

23. A process for maklng a seamless container body
from a laminate of metal and non-crystalllne polyester
'made by a process accordlng -to any one of clalms 1l to 7,
characterlsed by the further step of:

drawing from the 1am1nate a cup hav1ng an end wall"
and a side wall upstandlng from the perlphery of the end »
wall and covered by said film of" polyester.

mmmmmm




the further step of wal | ironing the can body. 26. A process according to
claim 25 wherein the external wall of the drawn and wall ironed can is
decorated by dye sublimation. 27." A process dgr- maki ng a seanl ess cont ai ner
body froma |lanminate of metal and conposite filmconprising at |east two

| ayers of polyester nade by a process according to any one of clains 8 to
17 characteraaed hyp&b%ébsﬁduﬂbnﬂnng(ﬁo-clkxmmZ&;dompw:Smngznnfumthetcﬂ#ﬁp

havn“g: an end and sides v&q“ Qﬂ?g ﬂkﬁi he end
wal | “and cov@ éa oSl l##pl m o vipo%i‘f'{/esters A pr%ecgés%é

accordi ng toda.lamerhe,‘?r? ocforhhe Sup and kingrgase dhef #kﬁhﬁ Sk Y- by
rﬁdrﬁmﬁngdthe Frp to reduce the dianeter of the cup and |ncrease t he height

of the side wa 29. A process accordi ng 1o, cI n127 cla m23 whic

conpri ses t h@5h.ur #h@rogass ACeREding & rf‘g1t 0?‘l Adb’r%tbe %mpnses

accordi ng to Heaiftirthethastadp dharexd exmumwh@fcameb@mam and wal |
ironed can is decorated by dye sublinmation. 31. A lamnated netal sheet
according to claim 18, substantially as defined in any one of Exanples 1,

2, 5, 7, 8, WE.and Irodsss Acoaxding doectliin 2% wherein therexternal wakk

Pgr ibngﬁgorlg Se5{d et tdhd SEEL ENERohEd a8dn 018 Pécé@Fedd e8y laye® Subbimdtion.
27. A process for making a seamless container body from a
laminate of metal and composite film comprising at least two

Ky/ layers of polyester made by a process according to any one of
claims 8 to 17 characterised by the further step of:-

drawing from the laminate a cup having an end wall and a
side wall upstanding from the periphery of the end wall and
covered by said composite f£ilm of polyesters.

28. A process according to ciaim 27 comprising a further step
of forming a can body by redrawing the cup to reduce the
diameter of the cup and increase the height of the side wall.

29. A process according to claim 27 or claim 28 which comprises
the further step of wall ironing the can body.

30. A process according to claim 29 wherein the external wall
of the drawn and wall ironed can is decorated by dye sublimation.

31. A laminated metal sheet according to claim 18,
substantially as defined in any one of Examples 1, 2, 5, 7, 8,
10 and 13.

32, A process according to claim i, substantially as
hereinbefore described with reference to any one of Examples 1
to 3, 5, 7 to 10 and 13. ’
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