LANINATED METAL SHEET The present invention rélates to |am nated metal
sheet and to a process f'or producing | am nated netal sheet. Lani nation of
pot yner ‘materials to netal sheet such as metil=strip is a well known and
vel | decarrent ed technique. The resultant |aminates have many Q?ancgtL®S
such as,” for exanple, use for the manufacture of_ can_bodies an

for containers for foodstuffs and Qﬁ%@#@%ﬁ%—ugﬁﬁheﬁﬁgggnponents and val ve
cups for aerosol containers. The | am nation of polyolefin f|In1to nmet al
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thldk/polyprdmﬁcmﬁbédn&n ,many patents. However, although polyolefin
.coatings have many useful attributes, they have significant
‘limitations as can coatings. Thus, for example,.polypropylene
or polyethylene coatings such as those described in GB 1324952
and EP 0062385 impart acceptable corrosion resistance to the |
metal sheet but are relatively soft, damage easily, have low
melting points and relatively low gloss.

Polypropylene and polyethylene coatings are relatively soft
materials compared with conventional lacquers used in can
stock coating. The softness of polyolefin coatings results in
a tendency for the coatings to fibrillate when laminates
incorporating such coatings are subjected to can end double
seaming. Although the polyolefin coating forms well, it is
found to develop unacceptable polymer filaments on the
extremities of the seaming panel.. |

For many applications it is necessarj to use relatively thick
polyolefin coatings. Thus, when it is desired to incorporate .
white pigments in a polyolefin coating so as to obtain a white
external coating_on a can body or a can end, it is found '
necessary to utilize a'relative1y thick pplypropylene layer,
suitably pigmented, in order to achieve acceptable opacity



suitably pignented, in order to achi éve accept abl e opacity -2- and
appearance. However, increasing the thickness of the polyol efin, coating
tends to exacerbate the problemof fibrillation mentioned above, and, thi.ck
whi te pol ypropyl ene coatings are found to fibrillate when subjécted tg\¢
doubl e seaning in a can making process 2Mts is a considerable
di sadvantage. A further disadvantage of white plgnented pol yol efin coated
metal sheet.is that such sheet is n readil Ie to draw redraw
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probl ens Y39 ﬁﬁfages can be overcone. Accordlngly t he present
Invention provides a lanminated netal sheet having adhered to one of its
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the manufacture of partially wall ironed cans. Such processes
tend to dlsrupt the polyolefin coatlngs on the metal sheet and
the resultant cans are found to'be_unsuitable for packaging -
human food products. Cans made by such processes are found to
have limited shelf life and corrode qulckly when packed w1th
human food products.
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. We have'now*found'that'by forming'composite'polyolefin film
incorporating an external polyamide layer, the above-mentioned
problems and disadvantages can be overcome.

Accordlngly the present 1nvention provides a laminated metal
sheet hav1ng adhered t6 one of its major surfacns a composite
co-extruded polyolefin-containing f£ilm (B) comprising a
plurality of layers in the following order:-

(B1) an inner layer:of a bonding resin which is an acid or
acid-anhydride modified polyolefin resin contalnlng
carboxyl or anhydrlde groups,

(Bz)'a layer of a.p01YOlefin,

"(B3) a further layer of a bonding resln which is as deflned '
for layer (Bl), and

(B4) a layer of a polyamide.'

~-
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(B2) a layer of g polyolefin, (B3) a further [ayer of a bonding resin which
is as defined for layer (Bl), and (B4) a layer of a polyanide. -3- W
have faundsthat the«four |ayer conposite fifnmPuZed in the |ami nates of the
present~i nvention has excellent |am nation characteristics. The |aninates
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N Furthermore, the composite film used in the present laminates
does not have the fibrillation problems encountered with prior
. polyolefin coatings.

The polyamide laYer (B4) in the 1aminated.m.etal sheét' of the
invention is preferably Nylon 6, Nylon 66, Nylon 11 or Nylon
12- ’

‘Preferably the polyplefin‘ in layer (B2) is polypl::opylene, or
polyethylene, or an ethylene-propylene co_polyiner. If desired
_ _oth_ei: polyolefins such as pblymethyl pentene may be used.

The term _"mddifed polyolef'in resin" as used herein is intended
to encompass both acid mbdifed and acid-anhydride modified
polyolefins and further, the term “polYolefi_n resin" is
intended to cover olefin p'ollymers and copolymers.

Thé bonding resin in each of layers (Bl) and (83) is an
acid-modified polY@lefip resin containing carboxyl or
'anhydfide-groups.' Typical acids for use in preparing such
acid-modified polymers are ethylenically unsatutated
carboxylic acids such as acrylic acid, methacrylic acid,
maleic acid, fumaric acid, crotonic acid, and itaconic acid.
Typical anhydrides used for the same'pﬁrposé are ethyienically
unsaturated carboxylic anhydrides such as'maieic'anhydride.



pol yol efins and further, the term"pdlyolefin resin" is intended to cover
olefin polymers and copol ymers. The bonding resin in each of Fayers (B1)
and (B3) is an acid-nodified polyolefin resin containing cayboxyl "or, ..
anhydride groups. Typical acids.for use in preparing such aci 8- nDdlflfg;
pol ymers are ethylenically unsaturated‘c&rboxyllc aci ds such as acrylic¢”
acid, nethacryllc acid, maleic acid, fumaric acid, crotonic acid, and
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modi fi ed polyners can be obtained, for exanple, by grafting maleic
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and using a ffée radical catalyst such as dibenzoyl peroxide

or dicumyl peroxide. Alternatively, an active centre can be
1ntroduced 1nto the polymer by using high energy radiation

such as gamma rays or X-rays and then reacting the resultant
material with the anhydride. Typically, the maleic anhydride
~content of the polymer is from 0 05 to 0.5%, preferably 0.1 to

0.25%.

The anhydride graft-modified polyolefin can be diluted with
further unmodified polyolefin to produce a bonding resin
preferably hav1ng a content of grafted acid (1 e. a graft
level) of 0.02 to 0. 6%, most preferably 0.22X o. 05% measured
by analysis of infra red adsorption at 1790 cm 1, of resin
pre-dried at 200°C to convert acid funotionality to

anhydride funotionality. The diluting unmodified polyolefin j;J
can be the same polyolefin which has been used to produce the
acid modified polyolefin, or it can be a different =
polyolefin. Thus, for example, an acid modified low-density
polyethylene (LDPE) or linear low-density polyethylene (LLDPE)
can be diluted w1th polypropylene, or an acid modified
'polypropylene can be diluted with a polypropylene or an
ethylene propylene random copolymer.

The purpose.of_the inner layer (Bl) of bonding resin is to tie
the layer (B2) of polyolefin to the metal surface. When the
polyolefin layer (B2) is a polyethylene, the bonding resin



The anhydride graft-nodified polyolefin can be diluted with further
unnodi fi ed pol yol efin to produce a bonding resin preferably having a
content.of .grafted acid (i.e. a graft level) of 0.02 to 0.6% nost -
preferas¥y 0.2 [err] O. 05@6neasured by analy3|§ gf inf-ra red adsorption at
1790 cm , of resin pre-dried at 200 C to convert acid functionality to
anhydri de functionality. The diluting unnodified polyolefin can be the sane

| yol ef whi ' |
Pol yol el i abdsob ceReuthdekochocdugar! 18190id Badreribagoly giyetnylene
| ow-density pol 9t %EEY¥EBPEF°EP1YFﬁ€ar WhendEhe; Wlﬁé’llfétllﬁ'ylléﬁ@r( ISIB?F)E)ls a

3a|n beddl | UL ed #bfleﬂp:EGbYDéﬂé)/heﬁﬁpoQYmélﬁ ogi dnrredhfyueekww

iluted with a poly ene_ar ene ran cQpo

burpose of the TRRPOREYRY Fasinsbage enaunby, Fie; layed dilye 4B yé”?reg?}q
of pol yol efin tpolypropyléneuotaan. etﬂyéanehprppyyehefmanﬂapecopazymeréi
pol yet hyl ene; the bondi ng resin -5- base of the inner tie layer (Bl) is

preferably a polyethylene or _an ethyl ene copol yner. Wen the polyalefin
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polyethylene or polypropylene
- Preferably, for a bonding resin layer based on polypropylene,
— the bonding resin melt flow index is 3 to 30 gm/10 minutes,

measured at 230°C by the ASTM test No. D1238.

Particularly preferred bonding resin layers are based on
random ethylene~propylene copolymers or blends of low-density
polyethylene (LDPE) with polypropylene or blends of linear
low-density polyethylene (LLDPE) with polypropylene.

A particularly preferred acid modified olefin resin is-
maleic-anhydride modified ethylene vinyl acetate.

- The layer (Bl) of bonding resin in the composite polymer film h
U ~ (B) is preferably continuous and of a thickness of from 1 to
10 microns, more preferably 2 to 5 microns. '

" The layer (B3) of bonding resin in the composite polymer £ilm
(B) is preferably continuous and of a thickness of from 1 to
© 10 microns, more preferably 2 to 5 microns.

If desired, any of layers (Bl) to (B4) may be pigmented in
conventional manner, with titanium dioxide for example. The
preferred arrangement is for pigment to be in layer (B2) or in



Preferably, for a bonding resin [ayér based on pol ypropyl ene, the bonding
resin nelt flowindex is 3 to 30 gni10 mi nutes, neasured at 230.C by the
ASTM t est No. D1238. Particularly preferred bondlng resin l-ayers ‘are based «
on - random et hyl ene-propyl ene copol ygegs_or bl ends of |owdensity 5u5

pol yet hyl ene (LDPE) with pol ypropyl ene or blends of linear |owdensity"

pol yet hyl ene (LLDPE) with pol ypropyl ene. A partlcularly preferred acid
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10 mcr nore . preferably 2 to 5 microns. If desired, any of l|layers (Bl)
to (B4) nay be plgnented I n conventional manner, with tltanlun1d|OX|de for
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t he net de smmmposheetﬁemopbasamlpgl pner ofAmorey of polyester.

' polyolefin or polyam1de re51ns.

Typically, the thermoplastic pdlyme: film (A),may be_a : \J
composite polyester film comprising a thinner inner layer (al)
of a substantially non-crystalline (i.e. amorphous) linear
polyester which.has-a“sqftening point below 150°C and a
melting point above.lsopc but'below,240°c and a thicker
outer layer (A2) having a-melting.pointhbove 220°C, and
preferably having an intrinsic viscosity of from 0.5 to 1.1,

. preferably 0.6 to 0.8. The composite-pdlyester £ilm (A) is
preferably one which has beenfprepared by co-extrusion prior
to application to the metal strip. |

Preferably the'polymer fiim-A.is biaxially oriented polyester
such as polyethylene terephthalate. Preferably the inner
layer (Al) is a linear copolyeste:,'for'example an amorphous
copolymer of approximately 80 mole % ethylene terephthalate
and approximately 20 mole % ethyleneisophthalate.
Copolyesters of terephthalic acid and two alcchols, for
example ethylene glycol and cyclohexane-dimethanol, are also
suitable for use as the inner layer (Al). |

Typically, the biaxially oriented polyester in outer layer
(A2) has a crystallinity greater than 30%.,. preferably from 40
to 50%.



be a conposite film containing one or noré of polyester, polyolefin or
pol-yanmi de resi.ns. Typically, the thernoplastic polyner film (A my be a
canposite polyester f|In1conpr|S|ng a thinner inner Iayer (AI') of a
substanrti al |y non-crystalline:(i.e. anor phqug) J i near pol yester which has a
softening point below 150 C and a neltlng poi nt above [err] but below [err]
and a thicker outer |layer (A2) having a nelting point above [err], and

preferably hashegcaystallinsty bfsaoprYe@EeErmﬁt@r&aﬂochdLbdﬂégﬁﬂmﬁﬂéﬁ(b

to 0.8. The Si er fi A IS prefera one been
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copol yester, for exanple an_anorphous_copol yney of approximately 80.nmole %
et hyl ene t er epht hal at¥sand{Bppr BR) nmaf8Cy 283l e - % et hyl enei.sopht hal at e.
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layer (Al). Typically ﬁP§}£XIP§ 5?@@ fed polyester in outer |ayer (A2)
has a crystallinity- nga#edehhéhySG%;apbebhbablmatemim40 to 50% - The
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t echni ques as described I n rom neasurement of density and
applying the rel ationship:- [err] =(P --Pa) (Pc - Pa)[err]
P can be measured in a density column using zinc
chlorides/water or n-heptane/carbon tetrachloride mixtures.
N\ | . - |
The biaxially oriented £ilm which may be used as. the outer
layer may be formed by stretching the amorphous exfruded
polymer in the forward direction at. temperatures above the -
glass transition temperature of the polymer by a fabtor of_2.2
to 3.8 and similarly in the transverse direction by 2.2 to
4.2, Where the laminated coating is to be used in deep
drawing metal containers, the orientation is preferably
limited to stretching by a factor approx1mately 2.5 in both
forward and transverse directions.

Typically the inner layer (Al) should be continuous and have a
typical thickness of about 2 to 5 microns. The rafio-of the
thickness of the outer polyester layer (A2) to the inner
polyester layer (Al) is between 12 and 4, with the total
thickness of the combined layers being from 12 to 25 microns.

If desired, the polyester layers may contain inorganic
anti-blocking agents such as synthetic silica having an
average particle size of from 0.5 to 5 microns.



wher e [err] = Volume fraction crystallinity, P .= density of sanple,
[err] = density of anorphous material, {err] = density’of crystalline
material. P can be neasured in a den5|ty colunn usi ng zinc chlori de/ wat er
or n-heptane/carbon tetrachloride m xturgs. The biaxially oriented fI|Qk
whi ch may be used as the outer |ayer may be formed by stretching the =~
anor phous extruded polyner in the forward direction. at tenperatures above
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Furthermore the- inner polyester 1ayer (Al) should bond to the
metal at temperatures which are compatible with the
simultaneous lamrnatron to the opposite side of the metal

- sheet of the polyolefln conta:nlng coatlng_(B). This </
requirement is met by ensuring that the inner layer of |
polyester (Al) has a softening point compatibie with the
temperatures-needed to laminate a wide range of polyolefin -or.
based coatlngs.- For this purpose the softening p01nt should
be lower than 150 C, typ1ca11y not greater than 130 C.

Alternatively the thermoplaatic polymer f£ilm A may be a
polyolefin or polyamide containing composite film.

Polyolefin films are preferably coextrusibns of polypropflene
(A2) and a bonding resin (Al). The polypropylene niay be a
homopolymer or ethylene propylene copolymer and preferably
_Cdntain up to 1% of synthetic silica anti-blocking pigment.
.The bonding resin (Al) is an acid medified polyolefin
preferably,a-maleic anhydride graft mpdified polypropylene or
ethylene propylene copolymer, preferably containing 0.02 to
0.6% maleic anhydride, most preferably 0.2 ¥ 0.05%.

Composite polyolefin and polyamide containing films may be
used, containing acid-modifed polyolefin bonding resins. In
general the composite polyamide/polyolefin film will comprise;
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The principal function of the inner polyester layer (Al) is to heat seal to
the metal surface at tenperatures bel owthe nelting point of the outer
pol yester layer (A2). I't-is inportant that the inner layer should retain
its amdephous nature after orientation and be%t setting of the film
Furthernmore the-inner polyester layer (A) should bond to the metal at
tenperatures which are conpatible with the sinultaneous |am nation to the

opposite side of t ] : fsi ' | AT QA8 4 B) .
has a softening pot a r &€ I¢hi9%ate a
mﬁde range of poIyobeﬁamngrraaiﬁypagghhﬁag,tFor this purpose the softening
poi nt should be |ower than 150 C, typically not greater than 130 C
Alternatively the thernoplastic polymer filmA nmay be a polyolefin or
pol yam de contTheai ngtuvepofi thef bbmiiRgl yesdh disf descrdbedprief ercatd \detail in
coextrusi ons of..p ro $ bandi naglan (Al). The '
pol ypr opyl ene %%goggﬂé ﬁ%%%ggléﬁéélggqéﬁﬁyﬁ%ﬁe%g?ggéﬁéne copol ymer and
preferably contain up to 1% of synthetic silica anti-blocking pignent. The
bondi ng resin fhé)pbsysledthdofvfblivatine ¥enthiinikgeranad sy P!k igmented
anhydri de graf{ nodified golygrogggﬁge or. ethyl ene propyl ene copol yner,
pref erabl y contBi APRgOE. BIXEL08. P¥PESanhydri de, nost preferably 0.2
[err] 0.05% Conposite polyolefin and polyam de containing filnms may be
used, cont ai ni ] dj 0 ' di_ng r,esin | | o1
conposite poIyg%$g§#%%¥goFé§§ﬁgg%¥n?%ﬁ#% 2% Fﬁgéfﬁﬁ atre flﬁﬂ?“ﬂﬁich'ﬁ%ve
been prepared by co-extrusion.
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The metal substrate to which the polymgf films are applied,

" typically in the form of metal Strip,-is generally steel or

aluminium or alloys thereof, typically a steel or aluminiun
based-prodﬁct 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.

The steel may be coated with tin, preférabiy passivated by -
conﬁentional chromic treatments or altetnatively may be in the
- form of nickel or zinc plated steel, blackplate or phosphated
blackplate, which is preferably’chrométe rinsed after -
phosphating. |

The-preferred steel finish is electrolytically chromium coated
steel (ECCS) with a dual layer of chromium metal and chromium
oxide. With such steels, the chromium metal and chromium
oxide levels can vary widely. Typically, the chromium metal
content ranges from 0.1 to 0.20 gm/mz, while the chromium
oxide ranges fron 0.005 to 0.05 gm/mz. The ECCS is commonly
derived from deposition systens ccntaining'either sulphur
containing or fluorine containing catalysts. '



-9- bondi ng resin/ pol yam de/ bondi ng re5|n/polyolef|n or bondi ng

resin/ pol yol efi n/bondi ng resin/polyam de or bonding resin/pol yani de. The
nature of the bonding resin is described in nore detail*in our U K _patent
application no. 8724241. The pol yol efifgor pol yam de contai ni ng fllnlAugay
be pignented in one or nore of its layers. Preferably conposite filns (A)
and (B) are filnms which have been prepared by co-extrusion. The netal

Sut)slt ra?ﬁetQaMIrﬁftédﬂeﬁuy;ﬂ?étlmlame ppesend. 1|hsféh%?.hhym t:dtae forlmI of

metal stri ner.a si ee al um oys.there ypically a

steel oPF 3285?%1 gﬁ g'?%"@d}/ P ke u%léﬁ ’Pﬁg“i‘ﬁe gﬁegaa G L¥MGEs Hijm m'gauge
range i ort ppilyadry filods non)t cnmi 4(Br)n fas Geﬁeheéndbavéz by uged.of mm f or

alu”in'gghgﬁg%f%ﬁ§¥ reéﬁﬁ: %&%é&één preferably passivated by

convent | Shogm e tively may be in the form of
ni ckel or zinc plated steel, blackplate or phosphated bl ackplate, which is

preferaﬁb%e@@&OWQQ%ﬂﬁdﬁﬁﬁjﬁﬁ&éﬁ §KE§@hﬁﬁ'QGcoIBSnEEGQQEheﬁﬁﬁfﬁﬂ finishis
el ectrolytically chromu ed st eel . ég¥ w% n& ¥& of chrom um
netal amrBVERtdSNuALS R e’ﬂﬁ lﬁ RIRPALSLPY 23t eEﬁP& Gﬁ\lﬁét °Mand

chrom upreseds :ci@/@lﬁ.cﬂﬁrboﬁt Yoolyiney . £TYms ceA) yaxﬁaheag;haw wgmdteﬂ

cont ent nges _fro um oxi de ranges
fromO. 56%‘“3% %"m ]teor qihe %ﬂ(&é#% \(I:V(()Wﬁ ¥}§8§?F3 8 from deposition
syst errssmnﬂanamewgzseukamma;uqmwrmsal mngtbtuteaoau ﬁurcbuetrauampeg:t

catal ySpg. the present invention.

Thus, according to a further aspect of the preSent invention W
there is provided a.process for produc1ng a laminated metal '

sheet carrying on one maJor surface thereof a _

polyolef1n—contaxn1ng f11m (B) as defined above and on the .-

other major surface thereof a'thermoplaStic polymer £ilm (A)

as defined above, which process comprises laminating to oné of

the major sutfaces of the metal sheet the said film (A) while

simﬁltaneously laminatihg the said f£ilm (B) to_the_other major

surface of the metal sheet, the metal sheet having been heated

to a temperature Tllsufficient_to cause softening oi the

polymer f£ilms and intimate contact thereof with the metal

sheet, the tempe_rature..Tl being below the temperature at

which the outer surface of the films is damaged during _

lamination, and re-heating the resultant laminate to a "

temperature Tz sufficient to cause each of the polymer £11ms

(A) and (B) to interact with and become bound to the

respective surface of the metal sheet.

- This type of simultaneous thermal lamination process is also
the subject of our U.K. patent applicatidn No. 8724237.

s



A . ; .
-10- The lami nated netal sheet .of the present 'invention may be prepared by
|l am nating to the netal sheet a polyner-film(B), or polynmer filns (A) and
(BY, as®defined above, by use of conventional |aminating techniques.
Howevers| anmi nated metal sheet in accordance with the.invention is
preferably prepared by a thernal | am nati o gklocess in which both pol yner -
films (A) and (B) are applied sinmultaneously to the netal sheet. This
preferred sinultaneous .lan nation process constitutes, a further aspect of

the present in¥¥RiFaALYThIRE Rrosefis Pk Fhe mresant pwation tie ¢arsied out
i nvention thergn @& ﬁuﬁbgded;fagumfs L€y al)rgxl}_tgfﬁ rg@é,arﬁmtﬁka@t%) sheet
carrying on one_major_ surface thereof .a polyolefin-cantainin | l'm as
defi ned above gﬁ'&'@ﬁa“t"ﬁ %tqng‘r %ﬁéﬁp&x% . aieciol %?qgrfer‘?%pi%ét'lc _

pol yner film (a;ogc,dpmmmwasmm I c el dhat sthe |lautientsugface

one of the mgj ' : t Saj ' ' j |-

si nul t aneousl .{/B?a%ﬂggiﬁ%z '(ti%es.%g:l ?afiﬁenf( téorﬁéeq%étih%ji %@nﬂj}# :%%e of

the nmetal sheelamipatipmanipheand, prafeuntdy mak abqve dtsmrftening [Roint.

sufficient to cause softening of the polyner filns and intimte contact
thereof with the netal sheet, the,tenperature [err] being _bel owthe ]
t enperat ure at “BhPcFeCRD Eﬁ:@ﬁesu (ﬁt}ﬁ“st-ﬁé‘ inﬁ}]sali ?Eérﬂfﬁl?%&?@emer in
| ami nation, and lemimationp nip therdyntestablisEring intiwgtes @nd cafiform,
sufficient to %g'i?ﬁlgéﬁe%f ga?‘tggtxrrer films (A) and (B) to interact with

O ) .

and becone boun the respective surface of the metal sheet.

U Ihﬁﬁ?third'stage, the resultant laminate is're-héate¢,
' preferably by induction heating the metal core to a

" temperature Tz of from 200 - 350°c, and below the thermal

. or oxidative degradation point of the outer face of the
polyolefin containing film (B) or the temperature at which the
outer layer physically degfades_when quenched rapidly with
water. If'desired, infra-red heating may be used. ,
Preferably, the laminate is heated to a temperature in the
range 210't6 350°C and then held above 200°C for at least

1 second before being quenched. Advantageously, the laminate
is qﬁenched rapidly and uniformly, preferably by immersion in
a tank of water or by line quenching with water. '

U ' With the metal core above the melting point of the films,

' rapid interaction occurs between the metal, the inner surface
of film (A) and the polyolefin layer (B). In order to achieve
this interaétion, the'laminate'is held above apprbximately
230°¢ for 1 to 30 seconds, preférably at about 250°c for 2

. seconds, and thereafter the laminate is rapidly and uniformly
"quenched by water to a temperature below the softenihg poeint
of the resin having the lowest softening temperature.

In general, for simultaneous lamination, the temperature Tl '
is chosen to match the characteristics of both films, A and B,
with the lowest ideal temperature for lamination selected for

the simultaneous lamination ' Tl’

-



Thi s type of sinultaneous t-hernmal’ Ian1nat|on process is also the subject of
our U. K. patent application No. 8724237, Typi cal |y, 'the process of the
present invention is carried out in a nunber of stages. 'In a first stage,
the metal is pre-heated to a tenperaturesperr] in the range of 120 - [e;:]
preferably 160 - [err], such that the oufer surface of film(B) is not"

rai sed above its neltlng point in the lam nation nip, and preferably not
above' it sppdfy a1 p@exﬁperbﬁui‘eSQCOEQ ﬁha&a th@eni‘éﬂaris sSHEbt B Rou fd ©

b ht th hi ng i nt.i mate and '
o oM i ek ted TRelof ko alpRinAt opn APgebaS, bOHY of Lhe (HHCKBFALE | s

r e- heat ]tcactheprﬁfgmbtq bg laninated hadt adgot ba lthealcnanm:db me:jﬁwf@;oas?t ure
boi nt of I NGRS £4 404 L BHE B8k, BiakE, Ao bRRlpsat el e Cooy ndaton
tenperatwmwnnxumatzﬂ!hb20u€eanﬂa§bovphytwpabhilye & whEn quenched

rapidly ‘Mﬂ:aflﬁ reot fa 086! ihférohntaﬁtr ﬁﬂlﬁ}?ﬁbb?ﬁinge Zé}g q%’so %eferab' Yy

the lamnateg Is eated. 1o erature’in and t hen
hel d abo B3P &% & %k-“F’éﬁEtzQ s@esﬁaanﬁstepsémow Film.

Advant agegiideratdees 0 nme°c5tausmo ed:éaandk:mad £ fdzféiwu&&@f erably

metal | CoRth SRARAEY (B HRRt eGP RoYAEDTLePRo CpE FRECRATRES - o A LYAT EECL?E

betmeen1duntainﬂngtfmﬂmanurllutbheeaté SlightAy hﬁ@h@hemaﬂa&ﬂefln | ayer

g g)prom ot rdthAEL fYEnt BhSe! PbeYBEbbPlenkGnh?Hridktds Nel d above
polypropylene demands a h1gher temperature than cast _ o
polypropylene, typlcally 200% for a 20 micron fllm. : \J,

The temperature T2 to be_used on re-heating the laminate
downstream of the lamination nip is typically in the range -230

. to 270°C. The exact temperature to be used will depend on
the dwell time before the 1am1nate is quenched. Temperatures

- higher than 270 %¢c lead to phys:cal damage of the polyolefln
film when it comes into contact w;th quench water and lead to
melting of.polyethylene terephthalate'films."The temperature
at the lower end of the said range is determined by the need
to achieve a-satiSfactory_bond strength between the metal
sheet and the polymer films attached thereto in the very short
time during which the laminate is heated to the required
temperature. Commercial operat1ons generally demand a dwell
time of approx1mate1y two seconds only.

If the frlm A is a h1ax1a11y orlented polyester. the
temperature in the post lamination zone can be varxed to
control the properties, part;cularly formab111ty, which are .
desired in a polyester coating (A). Such control can be
achieved quite readily if induction heat1ng is used to re-heat
the lamznateﬂdownstream of the lamination nlp. Preferably a .



|3 . : : '

230 C for 1 to 30 seconds, preferably at about [err] for 2 seconds, and
thereafter the lam nate’is .rapidly and-uniformy quenched by water to a

t enper atur.e bel ow the Softening point of the resin having the | owest

sof t enkpyg tenperature. In general, for simuljzaneous.|am nation, the
tenperature [err] i's chosen to natch the characteristics of both filns, A
and B, with the | owest ideal tenperature for |am nation selected for the

% mCJIht ?Egoxshﬂﬁhﬁiél ggrroh@t@r may ?:bgus'gaeﬁUtQ@léiﬂ:itWt @é&éx@%ﬁéfﬁf% Oof

i ea e rior,tq | am on depends both on.

the’thi cknosbher BRRTSREARs « Aubermanirasy SRyieh that et te ohar ure

of dt hg sai d éhbnge £Eoms h‘:.(alx:.fall rurmnﬁaﬂ:mr aimrmsﬁa]alprne)mom-t-etj/enﬁéd@r
and above, t

fim o to SpeRhpls Poalpeste gy Y sl %%aﬁ N i il
Tenper at ur esof ther Pplwes[t@rl-'r fidm (fon Axampxle, @ Tﬁﬁiécﬂ’eﬁ%&@%ﬂ‘—‘meter)

oriented pol yet hyl ene terephthal ate. Polyam de containing film wll.
o) b pol B Bbgheci s he Re el Yo A g g M R 0¥
pol ypr opyl enepatypigal(a) [aerd](n‘)orcam 22 ripplded idimuItendcugky athibe err]
typical Ty i na¥REGLEA SR, W S¥ VAR, diod ARAEREENF D '
wi || depend undeber@h&d tadhesisfesre the | aninate is quenched.
Tenperatures higher than 270 C lead to physical danage of the polyolefin
Surprisingly it is found that while two layer composite films
o comprising a polyamide (e.g. Nylon) layer and a maleic '
| anhydride grafted polyolefin tie or bonding layer suffer
- blistering when subjected to water quenching after the second
heating stage of the thermal lamination process of the present
invention, the four—layer coatlngs of the invention have
excellent lamination characteristics and do not suffer
blistering or changes in surface appearance when thermally
laminated by the process of the present invention.

Additionally, the four layer coatings of the invention have
‘improved'surface temperature resistance compared to
polyethylene'or polypropylene based coatings. Coated metal
laminates employing the four layer. coatings of this invention
have better deep drawing characteristics and improved double:
seaming behaviour compared to polypropylene or pquethylene
based laminates. Cans and end components manufactured from
laminates of the invention have longer shelf life and better
food or beverage product'cotrosion resistance than laminates
ha#ing polypropylene or polyethylene coatings.

The laminates of the invention may be used for food can end
components, deep drawn and draw redraw can bodies, draw and



filmwhen it comes into contact with quench water ,and lead to nelting of

pol yet hyl ene terephthalate filns. The tenperature at the |ower end of the
'said range is determned by the need to achieve a satisfactory bond , ._ .
strength between the netal sheet and thggpolyner filnms attached theretQain
the very short tine during which the lamnate is heated to the required
tenperature. Commercial operations generally demand a dwell tinme of

appr oxi RRfzel Yi fofked C6AN dSodTeY, bévePaghi bEh enlsd Riebusdll Yedi | &l ed
pol yester, the tenmperature_in the post | ani nati on zone can be varied to

cont rol GOTPAREHS t Q%Pepaﬁ?WEuPﬁﬂlyaFBPnﬁBP 2pd phvarigty Rkican end 5
poIyestQudguﬁegmhddncomﬁuﬁénegntroI can be achieved quite readily if
i nduction heating is used to re-heat the |am nate downstream of the

| ami nation nip. Preferably'a ~ -13- suitable pyroneter may be used to
i dent i f'Thtemghopderthis espécifitcpbionst énkrinkier viscoslitiete\dmes t hat

[ ecouni S Jdie AP0 LRI G1i Ao PobREAAL BB1LELGRLS Y I Ne non-or i ent ed

or amor phous pol yest er cate t e critical state of the
pol yest gonaentqapion @/lan X-ray diffractoneter). By nmeans of the
process of t he present invention both polynmer coatings. (A and (B) can he

APt oA HAH Ay SRHL6a HPLE, B’ BS, HBRc2hnaR, Yo cnd e Hehat i o
two | aydy caypadf texdmple only; iwith zefergacedeo( the flllawirnqyer and a
mal ei.c ﬂ%le%e U t&ﬁﬂoweé%we%s QﬁebEB%Bﬂihﬁy% ey, in
which:- ' .
' o | /
Figure 1 is a section taken through a laminate in accordance :
with the invention and comprising a composite multi-layered
‘polymer £ilm (B) laminated to a metal strip (M);

Figure 2a is a sectional side elevation of a can end made from
the laminate of Figure 1; -

F1gure 2b is a sectional side elevation of a can body deep
drawn from the laminate of Figure 1;

. Figures 3a, 3b and'ac'depict diagrammatically various sfages

in the formation of a double seam from laminates in accordance QJ
with the invention; | '
Figure 4 is a section taken through a laminate of the type
shown in Figure 1, but'cdntaining an additional thermoplastic
film (A) laminated to the opposite major surface of the metal
strip (M); and |

Figures 5, 6 and 7 show components for aerosol containers
{(i.e. an aerosol cup, an aerosol cone, and an aerosol dome



bllsterlng when subj ect ed to wat er quenchlng ‘after the second heating stage
of the thermal- |anination process of the present invention, the four-|ayer
ceati ngs of the invention have excellent |amination characteristics and do
not suk}er blistering or changes in surface i@pearance when thermally

| am nated by the process of the present invention. Additionally, the four

| ayer coatings of the inventiion have inproved surface-tenperature

resi stance conpapedtivepy)ymiade Erema damimraim i adomnihoostwit)s . tﬁbated
metal | am nat o] of.our layer coatings of this i nvention have
better deep dﬁgﬁﬁggkcﬁgpggkgglstlcs and i nproved doubl e seani ng behavi our
conpared to pol ypropyl ene or pol yet hyl ene based | aninates. Cans and end

conponent s naﬁgggﬁi%éei_%b_ib]an1nates of the invention have |onger shelf
life and better To00d Or. beverage product corrosion resistance than :
| am nat es havi ng pol ypropyl ene or pol yethyl ene coatings. The | am nates of

t he lnventlOnTHEYmprHSQdcfpbl&ﬁed eaamenquommauﬂanha#ﬂﬁyckﬁwuufwwbﬁrael
redraw can bodi es ed ¢ bodle 3evera ?

ends, aer osol %ﬁﬁreﬁﬁacéﬂpgﬁgﬁfé (88ﬁ8 %ﬁ&%&e FAR
of can end cIstnnps(uhdbyoap&hemmal,Ihmmmyhmmn1ﬁnace§amnfwheuthmckness and

A concent rat | oL B S5 P RECCRCAEE nel peabe i B A S0 R0 it

further detai$tzhp ﬁﬁ? §h°@%a#ﬂlgaa Byl-with reference to the, follomnng

The laminates were prepared by a simultaneous thermal
o lamination process such as that described in more detail in
our U.K. patent application No. 8724237.

Typically, laminates were prepared by heating the metal strip
(M) to a temperature of 140 - 180°C and films (A) and (B)

were brought into intimate wrinkle freeecohtact_with-the metal
via a pair of lamination rolls. The laminate was heated
indirectly to a temperatufe of 250 to 270°C and held above
230°C for two seconds before rapidly and uniformly quenching
the laminate with cold water. The laminate was dried with a
blast of cold air. | |

The temperatures used in this'process to prepare the laminates
of Examples 1 to 10 are shown in Table 2. '

The laminates of Examples 2, 3, 5, 7 and 9 are embodiments of
the present invention while those of Examples l, 4, 6, 8 and
10 are given for the purpose of comparison.

Comparison of Examples 1 and 2 in Table 2 shows that the four
layer film of the invention (Example.Z),laminAtes successfully
whilst a nylon based film blisters under similar conditions
(as shown in Example 1).



Exanpl es, and with reference to the followi ng drawings, in which:- Figure 1 )
is a section taken through a | am nat.e in accordance. with the i'nvention and
conprising a conposite nulti-layered polymer film(B) lamnated td a, npta
strip (M; Figure 2a is a sectional side elevation of a can end nade f&gm
the |am nate of Figure 1; Figure 2b is a sectional side elevation of a can
body deep drawn fromthe | am nate of Figure 1; Figures 3a, 3b and 3c depi ct
di agranmmatically various stages in the_fqrmation of a double seam from

| am nates in accordance with the invention; Figure 4 is. a section.taken

through a lam nate of the typeé shown in Flgure 1, but containing an .
~additional thernmoplastic film(A) |a to the opposi te mmjor surface

of the nmetal strip (M; d 2 AMI¥aT®onents for aerosol:
cont ai ners (i an _aerosol clp__an aer qnl cone. and an._aergsol done
respecthghulgnade fro aminate in_accorggnae With the presesi oo |
inventijon. Exapples 1 to 10 Thernnplastic polynmer filnms (A) and (B) havj ng
structure o r OpddlaTd bIe a [ i mul t anequsl 10 et jal
strip ? S’b B iﬁﬁ f nlnatlon c Eg&fﬁgufhickness éi “co E%& tijon
of each of the % Ins and fﬁ%ﬁ “the.nmetal strip ar B%SH in Table
1. The farmrrates ﬁﬁTc p.cpa.cu By ara.ullxanesus +-Ref-rat
2 Bl: Bond Resin 1 ( 3u) PET (15u) 0.21 mm ECCS
B2: Polypropylene (19u) ' 450 N/mm2
B3: Bond Resin 1 ( 3w : )
B4: Nylon § ¢ 50) \‘)
3 Bl: Bond Resin 1 ( 3u) Bond Resin 1 ( 3u) | 0.21 mm ECCS
B2: Polypropylene containing Polypropylene (37u) | 450 N/mm2
titanium diaoxide (29u) '
B3: Bond resin { 3uw)
B4: Nylon 6 containing 7% wt
titanium dioxide ( 5u)
4 Bl: Bond Resin 1  ( 3u) | Bond Resin 1 ( 3u) | 0.21 mm ECCS
'] B2: Polypropylene containing Polypropylene (37u) | 450 N/mm; '
' 20% wt titanium
dioxide (37u4)
: N /
5 : TAs 3B As 3B 0.21 mm ECCS '
360 N/mm?




| ami nati on process such as that described in'nmore detail in our U K patent
application No. 8724237. Typically, |am nates were prepared by heating the
mptal strip (M to a tenperature of 140 - 180C and filns (A) and (B) were
br oug into intimte winkle free contact with the netal via a pair of
| am nation rolls. The |lam nate was heated indirectly to a tenperature of
250 to 270 C and hel d above 230 C for two seconds before rapidly and

uni formy quenching the lamnate with cold water. The | am nate was dried
with a blast of cold air. The tenperatures used in this process to prepare
the | am nates of Exanples 1 to 10 are -shown in Table 2. The | am nates of
Exanples 2, 3, 5, 7 and 9 are enbodi nents: of the present invention mhlle

t hose of Exanples 1, 4, 6, 8 and 10 are given for the purpose of

conpari son. Conparison of Exanples 1 aalmzigﬂimahnnuﬂ shows that the four

| ayer filmof the invention (Ezams R XETAID ErcreawhtE |y whilst a
nyl on based fil mblisters under similar condltlons (as shown in Exanple 1).

- 16 - TABLE_&MOSI TI ON G5 VETAL POLYVER EAM NATE Exanplieyera; vy FIIMB

FilmA ‘ Vet al T ] BI: Bond Resin I errjJ - PET
[err] 0.2] mm ECCS B2: [Nyl on 6 [err] -
450 [err] 2 | € B1l: Bond RESifP 1. [err]?s 4B PET [err] 0.21 mm EcCS 0.21
mm ECCS B2: Pol ypropyl é*n_e [err] | | 360 35‘!9“2[ err]

7 | As 3B PET (15 ' 0.317 mm aluminium

3004 alloy (H19)

8 . : As 4B PET (15w) , 0.317 mm aluminium
' - alloy 3004 (H19)

9 aAs 3B - ~ Bond Resin 1 ( 2w 0.21 mm ECCS
Polypropylene ' 450 N/mm-2
containing 5000ppm '

synthetic silica (18

10 As 4B As 9A : 0.21 mm ECCS
450 N/mm?




B3: Bond Resin 1 [err] B4: Nyloh'6 ' ferr] 3 B1: Bond

Resin 1 [err] Bond Resin.1 Jerr] 0.21 nm ECCS B2 .

Pol ypr opyl ene cont ai ni ng Pol ypropyl ene [err] 450 [ert] titaniumm dioxide ,
[err] B3: Bond resin [err] B4: NYéon 6 containing 7% w titani dge

di oxide [err] 4 Bl: Bond Resin 17 [err] Bond Resin 1 [err].
0.21 nmm ECCS Bz2: Polypropylene cont ai ni ng Pol ypropyl ene [err] 450 [err] -
20% wt titani um di oxi de err] . As 3B -

As 3B ' 0.21 mm ECCS j =*17- TABLE 1 - Conti nued
COVPCSI TI ON OF METAL/ POLYMER LAM NATE Exanpl e . FilmB

FilmA ' ai i s £4 As 4B
0.21 mm ECCSB:?EIS‘& eerr ‘;1! {Ma Gnaleic a%y%:éldésgﬂ'gft mod:.fl%g_cl_i lerr]

0.317 mm al ustRYdans@FoRYisng (papdem copolymr contadnipg 0.2 + 0.05% pgr
[err] maleld.c3bhnyaside] ni um al l oy 3004 (H9) 9 S As 3B
Bond Resin 1 [err]’ 0.21 nmm ECCS Pol ypropyl ene 450
[err] cont.ai ni ng 5000ppm

2. Polypropylene is a polyptopylene homopolymer.

3. PET is a biaxielly oriented coextruded film haying an
outer layer of PET and an inner layer of a copolymer of
ethylene 1sophtha1ate {20%) and ethylene terephthalate
(80%).



synthetic silica [err] 10 . . AS 4B As 9A

0.21 M ECCS . - 18 - Key.to Table 1:-1. - Bond Resin 1 is a maleic
aphydri-de graft nodified ethylene propyl ene random copol ynr containing 0.2
+ 0. OEanaleIC anhydride. 2. Pol ypropyl ene is a pol ypropyl ene

homopolyner. 3. - PET is a biaxially orientegdscoextruded fil m having an
outer |ayer of PET and an inner |ayer of a copolyner of ethylene
i sopht hal ate (20%9 and et hyl ene terephthal (80% . -19- TABLE 2
LAM NATI ON CONDI TI ONS Exanpl e Metal Te e Lam nate Tenperature
Comment Before N|p [err] After ting [err] 1
180 250 ~Blisters in guenchi-ng-2 :
180 N Example | M2BOl Temperature | Batimakactedpyrakure Comment160
250 4 l6dfore nip (°C) After?88cona stage 180
250 6 _ 160 Heatifg0(°c)
1 180 _ _ 250 Blisters in quenching
2 180 250 - Satisfactory
3 . | - 160 . " 250 - .
O 160 250 - o
W, *
5 180 . 250 _ "
& . 160 250 .
7 180 - 270 : .
8 180 , : 270 ' "
9 140 | 250 : .
10 - - 140 250 , -
Hotes:
\_) 1. . All laminates were éuenched by cold water two seconds after

reaching 250°C. 'The quench was achieved by 2 linear flow
of water onto the strip, free from spray.

2. Metal and laminate were heated by induction (Examples 1 to §,
9, 10) and infra-red (7, 8).

The laminates of Examples 3 to 12 were formed. into various components
for containers such as food can ends, draw-redraw food cans, and draw
wall-izoned beverage cans. The nature of the various components and
their performance is set out in Table 3.
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180
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The | am nates of Exanples 3

to 10 were fornmed into various conponents for containers such as food can

ends,

of the vari ous conponents and their performance is set out
-20- Table 3 COVPONENTS FORMED FROM LARLIMABES Lam nate
Exanple 3

| nsi de
FilmA

dr awr edraw food cans,

Coat i ng

Per f or mance Type X

resists fibrillation (Fig. 2a)

doubl e
2a)
dai net e

' success

and draM/meﬁq-lroned bever age cans.

in Table 3.
Conponent
73 mm di anet er

,,,,,

and damage

rgg:%ngge qnd Component of Ix%sf%ges%og :Lmb pg.:llelI ' at n%t rzagg ISme(nFI
"—mri : lLrll—\\ {:&i’i I UI rnlrg l o U TIIIT"IICI UITL
ful at 750 cans o .
Example 3 | 73 mm diameter Film A External coating
£ood can end resists fibrillation
(Fig. 2a) _and damage in double
seaming.
Example 4 73 mm diameter Film A Exte;nal_coatinq
' food ¢an end fibrillates at the *=op
(Fig, 23) of the seamina oanel. |
Example 5 54 mm daimeter Film A Can forming is
70 mm height successful at 750 cans
Draw~redraw per minute_manufactufing
.£ood can speeds.
(Fig, 2b) ' -
Example 6 54 mm diameter Film A Cans suffer frequent
70 mm height failures to draw to
Draw-redraw £full height at 750
food can cans per minute
2b) manufacturing speed. |

(Fig,

The nature

n
a.

t



Draw-redr aw

speeds.

(Fig.:2b) Exanple 6 54 nm di amet er

suf f er frequent 70 nm hei ght

Dr aw- redr aw

cans per mnute (Fig. 2b) manuf act uri ng speed.
- 21 - Table 3 - Continued- COVPONENTS FCRI\/ED ROM LAM NATES Lani nat e
Conponent “Inside: Coating. Perfor mance: - Tvpe Exanmple 7 68
mm di amet er FilmA Fe £ of med 120 nm hei ght
satisfactoril y- Draw wal | -ironed bever age can Exarrpl e 8 As 7
FilmA Mat eri al OwPL g g8 failed in
i roni ng. Exanple 9 73 _mm di arret er Film Excellent shel f
life with f )ngﬁé@eenq Component Insxde Coati d;‘fmr ange Qe RitmRRd 00d - |
(Fig. 2a) rvpe : products. le 10 73 nmdi aneter :
FilmB under T cofroston food can end :
at deforned}areas. gFI g. 2a) ' . . A i
Example 68 mm diameter Film A Full height can formed i
120 mm height satisfactorily. ;
Draw wall-ironed i
beverage can. |
{
Zxample 8 As 7 " Film A Material formed cup g
' safisfacto;ily but :
| Example 9 73 mm diameter Film B Excellent shelf life with
food can end wide range of human £ood
(Fig. 23) oroducts.
Example 10 {73 mm diameter Film B :

per

fuII

m nute manufacturing food can
FilmA

Cans
failures to draw to

hei ght at 750 food can

food can end
(Fig. 2a) '

Some underfilm corrosion ¢
at deformed areas. i




-22- The results given in Table 3 illustrate some.of the advantages of the

| ami nates of the present invention. Thus, Exanples 3 and 5 illustrate the
excellent formability of |aminates produced fromlaninates in accordance  «
w th the invention. By conparison, siml films without Nylon (as st

illustrated by Exanples 4 and 6) have poof Tormability. Exanples 3 and.9
illustrate the inprovenents in double seam ng of external white coatlngs

and shel fpbi E@sﬁfltwngt%mtieﬂr@ébwaé'fﬂfugef redTQyo%thba% htagls the

i nvention_as_ conpar.e | am nates havin ayer (as exenpll - by
Exanpl es®f £he }@jﬂlnate_szy d&hg weresent “A"?’a 9Bt ed metal sheet having
adhered to one of its major surfaces a conposite co-extruded

| yol ef j.n- i.ni fi | i I ..n.th
Fol | owi niPBPacERamgipe 3 prdya, A T e aﬂﬁ%‘n‘é?ﬁéiie@%nf%ﬁéi?#l@tan%;ci d
or aci d- 2amydakes mmmduaaﬂ|ﬁﬁqmﬂximznatasrﬁmomcabndagceawhhhyther f
hydri d f a
ggné|ﬁb %eg%ﬁu |ch %? e |ne for ayere{%ﬂ? (£¥éh?§5)ﬂ§&g§;§g yg; g o

po|yan1dé11ustrated by Examples 4 and 6) have poor formablllty.

Examples 3 and 9 illustrate the improvements in double seéming
of external white coatings and shelf life'oﬁ white internal
-coatings'conferred by the laminates of the invention as
compared to. lamlnates having no Nylon layer (as exemp11f1ed by
Examples 4 and 10).



2. A Ian1nate accordlng t.o Cla|n11 whérei'n the pol yam de layer (B4) is
Nyl on 6, Nyl on 66, Nylon 11 or Nylon 12. 3. A | am nate according to

G ai m_t~or 2, wherein the polyolefin layer (B2) is polypropyl ene, :
pol yet'gyl ene or an et hyl ene- propyl ene copoLyggr or pol ymet hyl pentene. 4,
A |l am nate according to Caim1l1, 2 or 3 whefdi n | ayers (.B2) and/or (B4)

are pignented-with a pignment. 5. A | aminate according to Caim4,
wherein the mg%ggﬂggonprlses titaniumdioxide. 6. A laninate accordlng
to any one of the preceding O ainms, wherein the bonding resin of layer (Bl)

and/or (B3) is chosen froma nalelc anhydride nodified propylene,- maleic
anhydri de noditied eAhjaminapedppetat sheetyhawvingsladheraedhbd iche ramii:fti'sed
pol yet hyl ene, I dgi e e r
Pl S i B, EugBBUKT, EBnBREL ERCEo N r iR oy E AR R g
content of thefbbnryB) cgmpraﬁioqog pdugadjtygof laxem§nnma¢@ead@@mmwayq<a
Caim?7, mhereﬁfaége mal ei ¢ anhydri de content of the polyner is fromO0.1 to
0.25% 9. A lam nate according to any one of Clains 1 to 5, wherein the
bondi ng resin of | ayer (Bl) and/or (B3) is chosen froman et hyl ene-acrylic
aci d cppolyner(n;)anantmnhetelayehaofyhibondhﬁgcmpshmthch)ls - ah lagiiaaire
according to Ol ai m 9,.48eheh0ak0Ga"ARE Qgeﬁe§bﬁxg‘i@t"ihnﬁreﬁ:{$mc%ntt% %i{faov

wei ght of acid. 11. e accor one e prece
d ai ns, - carboxyl or anhydr e groups,

(B2) -a layer of a polyolefin,

AN . _ _ .

(B3)  a further layer of a bonding resin which is as defined
. for layer (Bl), and
(B4) a layer of a polyamide.
2. A laminate according to Clainm 1, wherein the polyamide
layer (B4) is Nylon 6, Nylon 66, Nylon 11 or Nylon 12.
3. A laminate according to Claim 1 or 2, wherein the
polyolefin layer (B2) is polypropylene, polyethylene or an
ethylene-propylene copolymer, or polymethyl pentene.
Y

4. A laminate according to Claim 1, 2 or 3, wherein 1ayérs
(B2) and/or (B4) are pigmentgd with a pigment.

5. A laminate according to c1a1m 4, whereln the ‘pigment
comprises titanium dioxide.

"Q_ff' A laminate according to any one of the preceding Claims,
- wherein the bonding resin of layer (Bl) and/or (B3) is chosen
from a maleic anhydride modified propylene, maleic anhydride
modified ethylene-propylene copolymer, maleic anhydride

modified polyethylene, or maleic anhydride modified
ethylene-v1ny1acetate copolymer.

.":
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further conprising a film (A of a thernoplastic polymer - adhered to the
other major surface of the netal sheet.-12. A lanminat’e according to Caim
11, wherein the film(A) is a conposite polyester film conprising an.inser

| ayer (Al') of a substantially non- crystagllne | i near pol yester having
softening point below [err] and a neltin§ point above [err] but beIOM/[err]

and an outer layer (A2) of a linear polyester haV|ng a nelting point above

220 C. 134 A larg ﬁ&egrge f?nfeéb”big %arhg t&g,ﬁy%%&%&cof | nner

| ayer (Al) is a copo ymer terep hafate an
i sopht hal anhydside ?ﬂ%r°f dPPlﬁﬁﬁFeﬁEpﬁFﬁalpeoécﬁe &néﬁﬂma

al cohol s. 14. A | am nate according to Caim 13, wherein the copolyner-is
f or med fr mter halic_acid, e | epe ol _and, c cIoh ne t hanol .
15. nat RYY ?%é‘afé&'}(r?lg? gﬁllléﬁ' i ¢ Whe Té’t hyl ene
terephthahmtydxidnrqdntentsoﬁhthelpokymer8&526rom 0115t016.25%A | am nat e

according to any one of d ains 12 to 15, wherein outer layer(A2) is a

bi axially oriented po]yester. A |l am nate according to any one of
Cains 12%0 162 Janinate h%c‘é%t-'@in‘Ba§9r apxopnesofoCyadmg dnko S,

terephthahﬁe%eﬂﬁ3theAbéﬁ@iﬂ@IQeéiﬁobﬂ'mﬂ ee @h&b”hﬁﬁ/o&hﬁhﬂbn1kh%hosen

' | yet hyl t at | ted Al t
ggcg(radl %g%’%%?ﬁ%“g%ﬁ‘%ﬁéé@' Xllgc é/ngpgggyﬁﬁé" BGI fBst era(Tf ngu?er | ayer

(A2) has @thg&ﬁné+methacgybﬁ¢eaciﬂaooﬂslymer.

10. A laminate according to Claim 9, wherein the bonding. _
resin contains from 5 to 15% by weight of acid. o/

11. A laminate'according to any one of the preceding Claims,
further comprising a film (A) of a.thermoplastic polymer
adhered to the other major surface of the metal sheet.

12. A laminate according to Claim 11, wherein the film (3)
is aicoﬁpositeypolYester3film comprising an inner layer (Al)
of a substantially non-crystalline linear polyester having a '
softening point below 150°C and a melting point above

150°c but below 240°C and an outer layer (A2) of a linear
polyester having a melting point above 220%c.

13. A laminate according to Claim 12, wherein the polyester
of inner layer (Al) is a copolymer of ethylene terephthalate
and ethylene isophthalate, or a copolymer formed from |
terephthalic'aeid and two alcohols.

14. A laminate according to Claim 13, wherein the'copolymer
is formed from terephthalic acid, ethylene glycol and
cyclohexane-dimethanol.

15. A lamlnate according to c1aim 13, whereln the mole ratio
of ethylene terephthalate to ethylene isophthalate is 80:20.

T
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20. A | aminate. according to d ai m 19, wherein the pol yester of outer

| ayer (A2) has a crystallinity of from-40 to 50% 21. A | am nate

aecor ding .to any one of the preceding daims, wherein the netal sheet is
el ectralgytically chrom um coated steel with. gsdual | ayer of .chrom um net al

and chrom um oxi de. 22. A lam nate according to any one of Clains 1 to
20, wherein the netal sheet is of aluniniun1 23 A | am nate substantially
as herei nbef ong.desqy iafindtd dcdcrFEive ohe 6f €xammkes22to31s?. 7

pol yner | ot al WA SubRs, M Od%%{#%g S'ﬁf aaffghaaea?gétpwﬁaseag

adhered to one mmjor surface thereof a conp05|te CcQ- extruded

pol yol efi n-co I ni f ' r g" ip. the

fol | owi ng orda'r7a @g)dﬂﬁyééﬁn§éﬁﬂ¥afﬂ§; %&#dg# g%s %L@% cﬁz go ggaC|d
or aci d- anhydMﬂ'@G%ﬁh&a@l}ﬁﬂw&ﬂm (AR) d%mhymeaﬁbbﬁyepbthalate.
anhydrlde groups, (B2) a layer of a polyolefin, -26- (B3). a further

| ayer of “a bonding resin which is as_defined for |ayer (Bl) and (B4) a

| ayer of a poffam d& 1AMEINERR AFCAREING §Q ‘Hﬁ{%t% ¢ ¥Repein thace thereof

a film(A) of polyethyleEms ttergpithalatenis b avi€bby corpentedl am nating to
one of the major surfaces of the metal sheet ‘the said film(A) while -

si nul taneously lamnating the said f|In1(B) to the other mmjor surface®of
t he net al sheéﬁ- Ajlaminate according to any one Claims 16 to 18, wherein

the polyester of outer layer (A2) has a crystallinity greater
than 30%. -

20. A laminate according to Claim 19, wherein the polyester -
of outer layer (A2) has a crystallinity of from 40 to 50%.

21. A laminate accordinq'to any one of the preceding Claims,
wherein the metal sheet is electrolytically chromium coated
steel with a dual layer of chromium metal and chromium oxide.

22. A laminate according to any one of Claims 1 to 20,
wherein the metal sheet is of aluminium. '

23. A laminate substantially as hereinbefore described with
reference to any one of Examples 2, 3, 5, 7 and 9.

- 24. A_procéss for producing by simnltaneous lamination a
polymer/metal/polymér laminate comprising a metal sheet or
strip having adhered to one major surface thereof a composite
co~extruded polyolefin-containing film (B) comprising a
plurality of layers in the'following order:-

(Bl) an inner layer of a bonding resin which is an acid or
acid-anhydride modified polydlefin_resin.containing
carboxyl or anhydride groups,

(B2) a layer of a polyolefin,

= ¢ L- M S *



t he net al

nmet al

the outer surface of the filns is damaged during | am nation,

sheet ,

sheet havi ng been heat ed to a tenperature [err] sufficient to
cause softening of the. polynmer filns: and intinmate contact ther'eof. with the

the tenperature [err] being below the tenpgerature at’ which,

and reheatyng

the resultant lanmnate to a tenmperatur® Bérr] sufficient to cause each of
the polyner films (A) and (B) to interact with and becone bound to the

respective
24, wher ei

[err].

f or

at

29.

| e

accordi ng (&)

uniformy
quenched

32.

rf.ace_of. the t al roce cqordln tg C ai
Bhhe ¥ crfentiet, L5yer, 2R bopding,BeBih Bhlc ofized
accord| ng to C dtor Yayer 26BlWeandn t he | am nate |s reheat ed by induction
heati ng neans.
| ami nate is reheated by infra-red heating neans. 28. A process according
to any ondEf) Clailayen ef a7polyaméda.the tenperature [err] is from 200 to
- A process according to Claim28, wherein the lamnate is

heated to a tenperature in the ran e 210 to Berr and then heId above 200 C
and papng Adeered Bei kR anHEFeBa

27. A process according to Caim24 or 25, wherein the

or suyrfage t eﬁeﬁ’r @efd
Qeian BemhepEastibepbayhnag, ewhichuprobeds api dly and

A pshesds me)sseirmﬁilty 68) hehdlebsiondtdneonsiyd lwnmnating the
said film (B) to the other major surface of the metal sheet,

‘the metal sheet having been heated to a temperature T

1

sufficient to cause softening of the polymer films and

intimate contact thereof with the metal sheet, the temperature

T being below the temperature at which the outer surface of
the films is damaged during lamination, and re-heating the
~ resultant laminate to a temperature T2 sufficient to cause
- each of the polymer films (A) and (B) to interact with and
become bound to the respective surface of the metal sheet.

25.

26.

rm -

S

wﬁw@%ﬁﬁﬁeﬁ%ﬁ?ﬁé%ﬂ%@%@ b8’ Bp3Pr, EOF AR F W8 ARt

A process according to Claim 24, wherein the temperature
T, is from 120 to 250°¢C.

A process according to Claim 24 or 25, wherein the

laminate is reheated. by induction heatinq means.

27.

A process according to Claim 24 or 25, wherein the

laminate is reheated by:infra-red heating means.

28.

wherein the temperature T

209,

A process according to any one of Claims 24 to 27,

, is from 200 to 350°¢c.

A process according to Claim 28, wherein the laminate is
heated to.a temperature in the range 210 to 350°C and then
held above 200°C for at least 1 second before being
quenched. |

' A O Y .
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reference to any one of Exanples 2, 3, 5 7 and 9. 33. A
polyner/netal/polyner I'am.nat e mhenever obt ai ned by a process as clained in
any ope . of Clainms 24 to 32. 34, A container or a conponent for a
contakger f or med fron1a | am nate as clained g4 any one of Clains.1 to 23 or
33.

30 A process accordlng to Claim 29 wherein the laminate is
quenched rapidly and uniformly. '

31. A process according to Claim 30, wherein the laminate is
quenched by immersion in a tank of water or by line quenching
with water.

32. A process substantially as hereinbefore described with.
reference to any one of Examples 2, 3, 5, 7 and 9.

33. A polymer/metal/polymer laminate whenever obtained by a
process as claimed in any one of Claims 24 to 32.

34. A container or a component for a container formed from a
laminate as claimed in any one of Claims 1 to 23 or 33.
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