-1- LAM NATED, METAL SHEET 221 1 1 37 The present invention
relates to | ani'nated metal sheet and to a process for producing | am nated
net al sheer Lam nation of polyner nmaterials to netal sheet such as netal
strip {s”a well known and wel| docunented teghni que. The resultant
Ian1nates have many applications such as, for exanple, use for the

manuf acture of can bodi es and can ends for containers for foodstuffs aae1
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—/ The lamination of éolyolefin film to metal sheet has been
described in many patents. However, although polyolefin
coatings have many useful attributes, they have significant
limitations as can coatings.

Although polyolefin coatings do in many cases impart
acceptable corrosion resistance to the metal sheet, such
coatings nevertheless can have limited ability to protect the
underlying metal sheet from corrosion; this is particularly
true of steel based substrates.

It is likely that this drawback of polyolefin coatings is due
to the high oxygen permeability of such materials and their
relatively poor resistance to some solvents.

It is known that although pdlyamides such as Nylon 6 have a
higher permeability to moisture than polyolefins, they have
better solvent resistance with some solvents and are less
permeable to oxygen than polyolefin coatings. It is known to
combine the favourable properties'of the two types of polymer
by forming composite laminates incorporating a layer of a
polyamide and a layer of polyolefin, usually having a tie
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pol yam de and a | ayer of polyolefin, usually having a tie -2- layer -
typically an acid nodified polyolefin - between the polyam de | ayer and the
pol yolefin layer. Such a conposite lam nate is found to act as a good*®
barrier both to oxygen and noisture and has the desired | ow oxygen s’
perneability and | ow noi sture perneabfl2ty. However, such sinple three

| ayer conposites do not form satisfactory coatings for netal sheet because

nei t her nyl on nor pql ypr.opyl ene w Il directly bond satisfactorily to a
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| am nat eflobetween peimea®ialityfieet and the polyolefin, thereby maintaining
the polyamde in an environmént which is relatively free of noisture.

Accordi ngly the present invention provides a |am nated netal sheet having
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nor polypropylene will directly bond satisfactorily to a metal

sheet.

We have now found that a four-layer composite film )
ihcorporating an inner layer of polyamide of a particular o/
thickness adheres readily to a metal sheet and minimises the
'permeability of the coating to water, oxygen and solvent. We
have found that the good oxygen barrier properties of the
polyamide are most effective when the polyamide is laminated
between the metal sheet and the polyolefin, thereby

maintaining the polyamide in an environment which is

relatively free of moisture.

Accordingly the present invention provides a laminated metal
sheet having adhered to one of its major surfaces a composite
co-extruded polyoiefin-containing film (B) comprising a
plurality of layers in the following order:-

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

(B2) . a layer of a polyamide, the thickness of the layer being
'no greater than 9 microns,



nodi fi ed pol.yolefin resin cont ai ni ng carboxyl or anhydride groups, (B2)a

| ayer of & polyanlde the thickness of the |layer being no greater than 9

m crons >, "-3- (B3) a further layer of a bonding resin which is as defined
for. lay® (Bl), and (B4) a layer of a polyolefin. W have found that the

t hi ckness of the pol yam de | ayer used in the3l ami nates of the present
invention is crucial. Although thicker polyanide | ayers shoul d give

i mproved barri r rt is found that if pol,ya ayers i ch
have. a lhicknegé 8fa1 uﬁ#ﬁFSnEaXFrnﬁge aP@na r§§& gbﬁ&blésbﬁgggéﬁﬂﬂfd
occurs .during |l-am nfibrobayért [(Blyonandi t e f|In1(B) to the nmetal sheet. This
blistering is probably caused by the rel ease of noisture fromthe '
hygroscopi ¢ pol yam de | ayer, said noi sture being trapped by the external-

| ayer of polyoléi)na leveveetia polyededdni.ayers having a thickness which
Is 9 mcrons or less are used, no blistering occurs durlng | ami nation and a
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properties, it is found that if polyamide layers which have a
thickness of 10 microns or more are used, unacceptable
~ blistering occurs during lamination of the composite film (B)
\_ - to the metal sheet. This blistering is probably caused by the
release of moisture from the hygroscopic polyamide layer, said
moisture being trapped by the external layer of polyolefin.
However if polyamide layers having a thickness which is 9
microns or less are used, no blistering occurs during
lamination and a protective coating which imparts excellent
corrosion resistance is obtained. |

The polyamide layer (B2) in the laminated metal sheet of the
invention is preferably Nylon 6, Nylon 66, Nylon 11 or Nylon
12:_particular1y preferred polyamides are Nylon 6 and
amorphous nylon. '

N The polyamide layer (B2) has a thickness which is not greater
.than 9 microns. Preferably the thickness of the layer (B2) is
from 3 to 5 microns.

. Preferably the polyolefin in layer (B4) is polypropylene, or
polyethylene, or an ethylene-propylene copolymer. If desired
other polyolefins such as polymethyl pentene may be used.

The outer, polyolefin layer is typically 10 to 200 microns in
z ' thickness depending on the requirements of the coating.



The pol yam de | ayer (B2) has a thickness which is not greater than 9
mcrons. Preferably the thickness of the layer (B2) is from3 to 5
mcrons. Preferably the polyolefin in |layer (B4) is polypropylene, or __ .
pol yet hyl ene, or an ethyl ene-propyl ene ggpolyner. | f desired other v
pol yol efins such as pol ynethyl pentene Tfmy be used. The outer, polyolefin
| ayer is typically 10 to 200 mcrons in thickness depending on the

requi renents of the coating.  -4- The nost preferred polyolefin |ayer
(‘B4) is based on polygéopylene or _| ow et hyl ene cont ent - et hyl ene- propyl ene
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aci d- nodigeBebPepyDésé i or ' E6wNetRPLaha8i 86ntanbosrhydenarpydpiyleng’ oups. As
used herein he term "nodified polyolefin resin' Is intended to enconpass
bot h "aci‘EP—%%?'F ®BY" and "aci d-anhydri de nodified" polyolefin resins and *
furthernore, the term"polyolefin resin" is intended to cover olefin

Dol o modi The FORMAG e e id Bhy GacibEM apErt L] BRADTBRIIIBIER. i g5 such
as acryl i%cjsé‘i‘lﬂ?d#%iﬁ‘&cP%YQlﬁéiﬂ, regiei eorkaining aarboxyldorcr ot oni c
acid, ancanhydpidé gebdpslyPASahsaahndreiiny vnedtéen "heqiEABQPUr pose are
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' "acid-modified" and "acid-anhydride modified"™ polyolefin
resins and furthermore, the term "polyolefin resin" is
intended to cover olefin polymérs and copolymers. Typical
acids for use in preparing.such“acid-modified polymers are \/
ethylenically unsaturated carboxylic acids such as acrylic
acid, methacrylic acid, maleic acid, fumaric acid, crotonic
acid, and itaconic acid. Typical anhydrides used for the same
purpose are ethylenically unsaturated carboxylic anhydrides

such as maleic anhydride.

The acid groups can be present as copolymers of ethylene, for.
example ethylene/acrylic acid (EAA) or ethylene/methacrylic
acid (EMMA). Typically the acid concentration is 5 to 15%.

The acid modification of the acid modified polymers can be
obtained, for example, by grafting maleic anhydride to a
pelyolefin such as polypropylene, polyethylene,
ethylene-propylene or ethylene-vinylacetate copolymer. The
graft can be introduced by techniques such as reacting maleic
anhydride with polyolefin in solution in an organic solvent
and using a free radical catalyst such as dibenzoyl peroxide
or dicumyl peroxide. Alternatively, an active centre can be
introduced into the polymer by using high enetgy 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 acid groups can be present as copolyners of ethylene, for exanple
ethyl ene/ acryl.i ¢ acid (EAA) or ethylene/methacrylic acid (EMMA). Typically
the aciw.cohcentration is 5 to 15% The acid nodification of the acid

nmodi fi esspol yners can be obtained, for exanpggk by grafting mal eic
anhydride to a polyolefin such as pol ypropyl , pol yet hyl ene,

et hyl ene- propyl ene or ethyl ene-vinyl acetate copol yner. The graft can be

i ntroduced by techniques, such:.ag, reacting_nal ei c_anhydride w th | yvol ef.i.n
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can be diluted with further unnodified polyolefin to produce a bondi ng
resin preferably having a content of grafted acid (i.e. a graft level) of
0.02 to 0.6% nost preferably 0.2 + 0.05% neasured by analysis of infra

red adsorption at 1790 [err] . of resin pre-dried at [err] to convert acid
functionality to
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anhydride functionality. The diluting unnodified polyol €fin can be the sane
-pol yol efi'n which has been used to produce the acid nodified pol yolefin, or
it can be a different polyolefin. Thus, Jor exanple, an acid nodified _.

| ow- density pol yethylene (LDPE) or |ine€ar | ow density polyethyl ene (LLQéE)
can be diluted with polypropylene, or an acid nodified pol ypropyl ene can be
diluted with a pol ypropyl ene or an ethyl ene propyl ene random copol yner. The
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Pr ef er ad lypfapyehendangbeedidukadewilths ad polypaogwlemne eoe, annhe bondi ng
resin ' LSad LUt es, nmeasured at [err] by the
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on random et hyl ene- propyl ene copol yners or bl ends of |owdensity _
pol yet hph@nsutp&kE) o thepehnpronuyere (B1)bloF Gording nesin ois degstiy
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resin layer (Bl) is preferably based on polyethylene or "/
polypropylene; most preferred for can stock are polypropylene
based bonding resins.

The purpose of the layer (B3) of bonding resin is to fie the
layer (B4) of polyolefin to the metal surface. When the
polyolefin layer (B4) is a polyethylene, the bonding resin
base of the tie layer (B3) is preferably a polyethylene or an
éthylene copolymer. When the polyolefin layer (B4) is a
polypropylene homopolymer or an ethylene-propylene copolymer,
the bonding resin base of tie layer (B3) is preferably a
polypropylene or an ethylene propylene random copolymer.
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 nodified olefin resin is maleic-anhydride
nodi fied ethyl ene vinyl acetate. The layer (Bl) of bonding resin in the
conposit-e polyner film(B) is preferably continuous and of a thickness of
from 146 10 microns. The |ayer (B3) of bondhqg resin in the conposite
polymer film (B) is preferably continuous and“of a thickness of from1 to
10 nicrons.llf desired, any of layers (Bl) to (B4) nay be pignented in
conventi onal manner mnth titani um di oxi de_for ref.err,ed
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Preferably thenusRi~anlypdrdie nobddf béd nethy) enayvinylaacetategani c
anti - bl ocking agents such as synthetic silica having a particle size of
fromO0.5 to 5 mcrons. Particularly preferred | am nates in accordance with
t he invention Ehe laywse (BL) nefceonfiing tesineincther covpgsitenpeAymer £ilm

thermopl astic ggf V. 1{ OcbRiALERS ARACLESH! tASEKkAbsEhOMram 1 t
sheet. The theﬁ%%'?%églc po?gn%rcfllﬁ1(A Is typically a co§p05|te °
pol yester ;. poI%Quﬂ%EﬁQﬂspolyolefln film Typically, the thernoplastic

FolyneEAr;In}(A) is a conposite polyester filmconprising a thinner inner

ayer o] st ant y a r
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- (B) is preferably continuous and of a thickness of from 1 to
10 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
layers (B2) and (B4). Preferably the outer layer of
polyolefin (B4) may contain inorganic anti-blocking agents
such as synthetic silica having a particle size of from 0.5 to
5 microns.

Particularly preferred laminates in accordance with the
invention are those laminates which further comprise a f£ilm
(2) of a thermoplastic polymer adhered to the other major
surface of the metal sheet. The thermoplastic polymer film
(A) is typically a composite polyester, polyamide or .

o polyolefin film.

Typically, the thermoplastic polymer film (A) is a composite
polyester film comprising a thinner inner layer (Al) of a
substantially non-crystalline (i.e. amorphous) linear
- polyester which has a softening point below 150°C and a

. melting point above 150°C but below 240°C and a thicker

“; outer layer (A2) having a melting point above 220°c, and
preferably having an intrinsic viscosity of from 0.5 to 1.1,

. ' preferably 0.6 to 0.8. The composite polyester film (A) is
preferably one which has been prepared by co-extrusion prior
to application to the metal strip.



. nelting point above [err] but below [err] and a thicker ‘outer |ayer (A2)
-having a nelting point above [err] and preferably having an intrinsic,

‘viscosity of from0.5 to 1.1, preferably 0.6 to 0.8. The conposite

pol yester film (A) is preferably one wbg;h has been prepared by )
co-extrusion prior to application to the netal strip. Preferably the
outer layer (A2) is biaxially oriented pol yester such as pol yethyl ene
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of anor phous
ayer (Al).

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

The crystallinity of a polyester material can be estimated by
X-ray diffraction techniques as described in GB 1566422 or
from measurement of density and applying the relationship:-

V, = (P - Pa) (Pc - Pa)‘l
where Vc = Volume fraction crystallinity,
' P = density of sample,
Pa = density of amorphous material,
Pc = density of crystalline material.
P can be measured in a density column using zinc - Q)

chlorideswater or n-heptane/carbon tetrachloride mixtures.

The biaxially oriented film which may be used as the outer
layer may be formed by stretching the amorphous extruded
polymer in the forward direction at temperatures above the
glass t:ansition temberature of the polymer by a factor 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



[err] = density of crystalline material. P can be neasured in a density
colum using zinc chloride/water or n-heptane/carbon tetrachloride

m xtures. ‘The biaxially oriented fil mwhich my be used as the outer |ayer
may bé_forned by stretching the anorphous ex®auded polynmer in the forward
direction at tenperatures above the glass transition tenperature of the
polymer by a factor of 2.2 to 3.8 and simlarly in the transverse direction

by 2.2 to 4.2;nYbeghe tbh e trdBilR v gk tébﬂ)ﬁ?mﬁéitéra{df.e@ ﬂﬁaﬁew
metal containers, the aorientation is preferably Imted to stretching by
a factor appfexvarfcPpd tLrangveRse AHERGEORR: t ransver se directi ons.

Typically the inner |ayer (A) should be continuous and have a typical

t hi ckness of _about tQ,5 m.craons._ _The icknes f. the outer polyester
ayer (A2 1 SPBYERaLy Fud Lot Savato (AU (HORIE o Kot tobE 5T Bope o
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havi ng an average particlé& size of fromO0.5 to 5 mcrors. Aso, 1f desired,
the outer poW§&Bt &he dptal Khiclknesf qf dhehicambined) IavRehtPekng fromehs
such as titagpugpdmaerdns.The principal function of the inner polyester

| ayer (Al') is to heat seal to the netal surface at tenperatures belom/the

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.

Also, if desired, the outer polyester layer (A2) may be
pigmented using conventional pigments such as titanium
dioxide.

The principal function of the inner polyester layer (Al) is to
heat seal to the metal surface at temperatures below the
melting point of the outer polyester layer (A2). It is
-important that the inner layer should retain its émorbhous
‘nature after orientation and heat setting of the film.
Furthermore the inner polyester layer (Al) should bond to the
metal at tempefatures which are compatible with the
simultaneous lamination to the opposite side of the metal
sheet of the polyolefin containing coating (B). This.
requirement is met by ensuring that the inner layer of
polyester (Al) has a softening point compatible with the-
temperatures needed to laminate a wide range of polyolefin or
based coatings. For this purpose the softening point should
be lower than 150°C, typically not greater than 130°c.

Alternatively the thermoplastic film (A) is a coextruded
polyolefin £film or a composite polyolefin-polyamide £ilm as



mel ting point of the outer polyester layer (A2). It is ihportant that the
inner |ayer should retain its anmorphous nature after orientation and heat
setting of the film Furthernore the inner polyester |ayer-(A) shoul d band
to the netal at tenperatures which arelampati ble with the si rrultaneousvj‘

| am nation to the opposite side of the netal sheet of the polyolefin
containing coating (B). This requirenent is net by ensuring that the inner
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have been preparéd by co-extrusion. The netal substrate to which the
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The ste€ e Coale , Pre ably“passi-vate
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. \/

The steel may be coated with tin, preferably passivated by
conventional chromic treatments or alternatively may be in the
form of nickel or zinc plated steel, blackplate or phosphated
'blackplate, which is preferably chromate rinsed after
phosphating.

The.prefe;red 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 from 0.005 to 0.05 gm/m2. The ECCS is commonly

\/
derived from deposition systems containing either sulphur
containing or fluorine containing catalysts.

The laminated metal sheet of the present invention may be

prepared by laminating to the metal sheet a polymer £ilm (B),

or polymer films (A) and (B), as defined above, by use of
conventional laminating techniques. : : *
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conventional chroric treatments or alternatively may be in the form of _
ni ckel orszinc plated steel, blackplate or phosphated bl ackplate, which is
preferghly chromate rinsed after phosphating. The preferred steel finish is
el ectro¥ytically chromiumcoated steel (ECC W th a dual |ayer of chromi um
metal and chrom um oxi de. Wth such steels, the chrom umnetal and chrom um
oxide levels can vary wdely. Typically, the chrom um netal content ranges

from0.1to O enr] . i chrom um oxi de r.anges fr.om.0. 005 to

A T .

cont ai ni ng ei

| ami nat ed et Blrot@a! il IR LA bl PRI LANAEY( A L AHC R appriea

| ami nat.ing to"the net§1 sheet a po ;he film , or, polyner firlms (Ab and

B T o Samiamn g itib s e ol
wever, lamg S inatiac L ys! i t

preferably pre ar%q by a ther.nal ﬂénination process in which botrlgxﬁiﬁﬁg

 PEEBE A Tem

films (A and® Bf od W 1tcgl’Heoust to the metal sheet. This
preferred simultaneous |am nation process constitutes a further aspect of

the present igygali Qlkco L Y BBEner adpedil ¥ esint! i
i ded a P éﬁg té%g ne?g%ﬁéheet

i nvention there 1S prov | rocess cing a nat e
carrying on oﬁéeﬁﬁ & provided @eprocess for producing a laminated metal

‘sheet carrying on one major surface thereof a
polyolefin-containing film (B) as defined above and on the

Y other major surface thereof a thermoplastic polymer f£ilm (a),
which process comprises laminating to one of the major
surfaces of the metal sheet the said film (A) while
simultaneously laminating the said film (B) to the other major
surface of the metal sheet, the metal sheet having been heated
to a temperature T1 sufficient to cause softening of. the
bonding polymer resin and intimate contact therecf with the

metal sheet, the temperature T, being below the temperature

at which the outer surface of %he films is damaged during
lamination, and re-heating the resultant laminate to a
temperature T, 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.

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

Typically, the process of the present invention is carried out
in a nﬁmber of stages. In a first stage, the metal is
pre-heated to a temperature Tl.in the range of 120 to

. 220°¢c, preferably 170 to 200°C, such that the outer
surface of film (B) is not raised above its melting point in
the lamination nip, and preferably not above its softening
point.
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. polyol efin-containing film(B) as defined above and on tfie other ngjor
surface thereof a thernoplastic polymer film (A), which process sonprises
[aminating to one of the major surfaces of the netal sheet the said film.
(A) while sinmultaneously lam nating the-gdird film (B) to the other HBJOLj
surface of the netal sheet, the netal sheet having. been heated to a '
tenperature [err] sufficient to cause softening of the bonding polyner

resin anfnén EE&EQeC%&@@raTtWeeqf Wd *MI:!& e ét'f@ﬁtshééﬁ éﬁ&ﬁ@&ature T1

bei ng be] ow eratyre _at ,whilgh t r surface o the filnms is
damaged Bﬁrpﬁﬁ PéngE&PFo%, &ﬁ&ﬁﬂ?qﬁﬂﬂ Rk 1o € ?%n?hé?EnF§Sa°f .
tenper atthe Eflims $of biecilaniinatedh s mlcsh: @n ttiee pchembeali hasuré) ofind (B)

to inter eco ou SSRELt f nmet al .
sheet . ThiS Pobd BRimdtT)EheRy Yerkbaaluidi RE s ¥ ndEF 10006 2 -
subj ect @ndoabowek tmsmllarpgm)ca,u @reNsuigabbs Lomyai 20| mycrone process
of the g3€" omﬁaby%nles quwl %ﬂ: ¥4 230% %@eé &héiéﬁeﬁoo' nafirst

stage, t gre- heat ed lenperature T rang of 120 to
[err] pr'é%'éF%l 9a§¥o P&YP&PPF% ft"ﬁ'zﬂ trTee"eﬂﬁfeﬁt%{ﬁ#a&% OCIE0(B) is
not rai szﬂo‘abere Eusd tabllel #o P @oextruddd BiaEiwliprorignteéad preferably

The ot b0 LEEEEPLRBR FOsBBRERAtE - or "t o | ami nat) on- depends. bt h on t he

t hi ckness of
Polyamide containing films will tolerate slightly higher metal
temperatures than cast polypropylene and oriented
polypropylene demands a higher temperature than cast o/
polypropylene, typically 200°C for a 20 micron fiim.

In a second stage, the films and metal are brought together in
a lamination nip thereby establishing intimate and uniform,
wrinkle-free, contact. '

In a third stage, the resultant laminate is re¥heated,
preferably by 1nduct1on heating the metal core to a
temperature Tz above approximately 200° C, but below the
thermal or oxidative degradation point of the outer face of
the polyolefin containing £ilm (B) or the temperature at which
the outer layer physically degrades when quenched rapidly with .
water. If desired, infra-red heating may be used. ~
With the metal. core above approximately zoo°c, rapid
interaction occurs between the metal, the inner surface of
film (A) and the polyolefin bonding layer of £ilm (B). 1In
order to achieve this interaction, the laminate is held above
-approximately 200°C for 1 to 30 seconds, preferébly at about
250°¢c for 2 seconds, and thereafter the laminate is rapidly
and uniformly quenched by water to a temperature beldw the
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the filns to be lam nated and al so on the chemical nature of the said
films. Thus, ‘tenperatures of approximately [err] O and above, typically
140 C,_are suitable for a 20 micron cast polypropylene film up to 230 C
for axthicker 200 mcron cast pol ypropyl eng®fi I m Tenperatures of 140 Cto
[err] are suitable for coextruded biaxially oriented polyethyl ene

t erepht hal ate. Pol yam de containing films will tolerate slightly higher

(rjret al dtenpﬁ_satﬁ%@ta@%itwto?edwrmdt zertlﬁnamb on:szhenwfbmls?feeuiﬁg]e f
emands a hi gher erature n_cas 0 opyl ene ca er.r or a
20 "ni cron fﬁ%ﬁpﬁﬁéﬂyiﬁauﬂﬁf%ﬁ ! E?u?#%l Eué%?ﬁﬁ%]aéﬁtlﬁ?g%ﬁﬁt&POQether
in a | am naBi7zad24i4p t Whexbya dsitabiakly mrientedtipolyesterfbibp is used as
winkle-freg.: ct. | I L na LS

; %1&%@32@Vyﬁééyééﬂéﬁfékéﬁémﬁh Eﬁ@3ﬁ6§%‘%§m{n$@f6ﬁ £8nkScan be

re-heated, pr y in I on heati ng the net core to a tenperature

[err] aboveVagieskittaaantowh the RECRRYIBIRS L t e neriented palyester
deg[ ﬁdai ion fﬁq'thnt ﬁﬂﬁm’-‘%&ﬁ ﬂ@ﬁﬁat mhlitlfge, nat]m!:eéf? @g@iﬁégi 5| V\Ehém (B)
or e tenpergture a iC outer layer i ca egy ades .when
quenched gﬁ’.‘ﬂ#’f’%% GRatnd I&‘h’esiﬁé“é‘a,‘ y??ﬁ‘?ﬁgfeﬁaﬂeé?i A {’ﬁﬁyegeqﬂééﬁ.
Wth the net&adidye ishamdwpipion i hedteing [ s rysediptad retbeattthe deminste
bet th ' f I A _bondi
ayer of i PaNEBEraalf 96 de SHAAGE fln if | WedbErabEy Y ¥ EbTe ol N0

hel d above ®yFometer aay I wedrta idenpifvcbhestemperatupeyoft thsout
[err] for 2pvageader anhitey@éivily NeiéPiesR €nae f88bghise the change

from biaxial orientation to crystalline non-oriented or
(Y _ amorphous polyester may be used to indicate the critical state
of the polyester film (for example, an X-ray diffractometer).

The temperature Iz to be used on re-heating the laminate
downstream of the ‘lamination nip is typically in the range 200
to 270°C. The exact temperature to be used will depend on
the dwell time before the laminate is quenched. Temperatures
higher than 270°C lead to physical damage of the polyolefin
film when it comes into contact with 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 f£ilms attached thereto in the very short
time during which the laminate is heated to the required
temperature. Commercial operations generally demand a dwell
time of approximately two seconds only.

By means of the process of the present invention both polymer
coatings (A) and (B) can be applied simultaneously while
avoiding the use of solvent containing, environmentally

. undesirable, adhesives.
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. and uniformy quenched by water to a tenperature below the . softening
-poi nt of the resin having the | owest softening tenperature, according to
‘our U. K patent application No. 8724244. \Wen a biaxially oriented P
pol yester filmis used as film (A, tthLenperature in the post |am natign
zone can be varied to control the properties of the oriented pol yester -
film particularly formability, which are desired in the polyester coating

(A) . SuaiheCaiiitedishs ¢F EWdi BNedntidhepreatdbygrbataguebredsionting is
used to re-heat the |am nate downftrgafn of 'thg. am naél an ni g Pre%f erably a
sui t abl ESFEHARGE THEP R IRLG POLYQERt1E COREIPERpAPY: P N0F Siffer
pol yest &he Altisrtexting|and delusking hprobkemgnofethermaldyyad amimatieidaxi al

ori ent at, | ne - Q14 o] er used
fo i nd S3ee B Yoy 1C 00 SunsRbed porPORIBH F%ﬁ?éﬁ%&%ﬁ% 5 ray
di f f r actlom@esy shelfe ikpohitcortatnersgoptedswitbnthe- megeriglshef

I[a_m' ]natT %h@%ﬁéx{i&rﬁxﬁ_ tivge lp?ifi'i.gi?é\hl?ﬂx(:j n'f@fﬁﬁéawbgabkyttha %BQle:’n%fi% 200f to
err .exact tenperature to be used wil].de on _the dwel | .tine before
e 1 amAHERs DIIRNH At od Hiarlad, Canthatabir EBR e 35, Roke bpses iy dtcal
damage ¢he lpplydmideflayér | thivkness isnpeticontroiiedt witthingaench wat er

and | ead s td f pol yethyl ene terephthalate filns. The tenperature at
t he Iowgﬁﬁgﬁgaﬁf%*%é%aid range is determ ned by the need to achieve a

satisfactory bond_sfrength bet ween the nmetal sheet and the polynmer filns
at t achegHehgirifeht Tont hes \es¥£80048 a coating for steel and aluminium,

particularly the materials used in packaging. The coatings

give excellent protection to articles formed from the '&)
laminated steel or aluminium and these articles include food

can ends, easy open fodd and beverage caﬁ ends, deep and

shallow drawn food cans, draw and redraw cans, aerosol can

cones and domes, aerosol valve mounting cups and components

used in paint and oblong containers.

Throughout this specification, intrinsic viscosities are
measured at 25°C in O-chlorophenol solutions at a
concentration of 5g/1.

The present invention will now be described in further detail,
by way of example only, and with reference to the following -
drawings, in which:- s
Figure 1 is a sectioned fragment of a first embodiment of
laminated sheet metal having polymeric f£ilms on one side;

Figure 2 is a sectioned fragment of a second embodiment of
laminated sheet metal having polymeric film on both sides;

Figure 3 is a diagrammatic sketch of a can end made from the
laminate of Figqure 1 and sectioned on a diameter; *



time during which the laminate is heated to the required tenperature.
Commer ci al- operations generally denmand a dwell tinme of approximtely two
seconds only. By neans of the process of the present invention both polyner
coatin@bﬂ(A) and (B) can be applied sinmultaneggsly.while avoiding the use
of sol vent containing, environmental |y undesiTabl e, adhesives. The
materi als of the invention provide greater corrosion resistance than sinple

o thermal |y EARIES oh 9 BrebotbopPh hife vidh arcd £o8, Frdih, Btk 8haC
| eads to | ongekaminate| ofeFbgurentai ners coated with the materials of the

I nvention. The particular formulation of the invenhtion allows blister free

thersmal .| am natjon that is noi possi bl e if the polyam de | ayer thickness is
not control | edF¥@¥R S 218 &1 diagrammatig gechighedoRnide videW P2 gapoghfng
for steel and stamped UFroRalakinate! £t hegubécei Rhgiged teaapaspag plasties
coati ngs give‘ﬁrcellept protection to articles formed fromthe | am nated
steel or al uniFrUPERY t hese articles include food can ends, easy open food
and beverage can ends, deep and shall ow drawn food cans, draw and redraw

, I - '
cans, aeroso %fgnesleng dgggffone&reiaé ¥§é¥eg?_ﬁ‘r’§”gﬁﬂgb85 Sedbfled by

conponents use aint and oblong contai ners., Throughout this
speci fi cati on,dF3WR| #B} w31l ciEpring frem the laminate of Figure 2;

Figure 7 is a sectioned side view of a valve mounting cup for

K/‘ an aerosol valve, as could be stamped from the laminate of
Figures 1 or 2, but with a polypropylene f£ilm thickness of
between 100 and 200 to permit crimping onto a cone top
without use of a gasket;

Figure 8 is a sectioned side view of a "“cone top" stamped from
the laminate of Figure 2; and

Figure 9 is a sectioned side view of a domed can end such as
can be stamped from the laminate of Figure 1 or Figure 2.

The components depicted are, of necessity, somewhat-
diagrammatic to make the thickness of polymer films visible.

Examples 1 to 4

Thermoplastic polymer films (A) and (3) having structures as

described in Table 1 were applied simultaneously to a metal

strip (M) by a thermal lamination process.' The thickness and

composition of each of the polymer films and that of the metal
. strip are shown in Table 1. :

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



measured at 25 C in O chl orophenaol oI ut| ons at a concentrati.on of 5g/l.

".The present invention will now be described in further detail, by’ way of

exanple only, and with reference to the follow ng drawi ngs, in which:-
Figure 1 is a sectioned fragnment of a {jrst enbodi ment of |am nated sh
nmetal having polyneric filns on one si de Figure 2 is a sectioned fragmant
of a second enbodi nent of | am nated sheet netal having polyneric filmon

bot h SIﬂeﬁmﬂwrelamﬁaee@ %@Wﬁﬁstﬁ‘ waﬁrf@ru%l%éwlf éé%t he

| am nat of Fi gure and sectioned on_a @ aneter
sect i on&® skee vF@%PSFaﬁuEénWFrM rr dBG e Anghifidms of i 3R e q) Figure 5*

is a diwgfermnbugheeihtoneﬁtanmevmwwleafo:a;e emhtstcs&mmri rewe | metant e of
Fi gure 2. hayi a S clo i oned si de
Vi ew of%aglc%nggogy ? &ﬁg@% 311-'8 %a\%lﬁag'nd wal e |]‘rdgﬁnlgjﬂ%t? rﬁt’ﬂ%&f%‘iﬂ nate of °
Fi gur e iIndireotdy7tpsaatemperatuaesiofe 25040270 \Cilansd Mﬂl&@owp for an

aerosol zy éefofstGGU%QcBﬁdg%EE%Q:ef PildS laHd gﬁigncgfm%%ﬁ erm 2, but

wi th a pol ypropyl ene hi_.ckness of “bhetween 1
cri npi ngh®n BmhnEBﬁeWE‘G frifoliateLe offhe Jamidatewas dnied "Al%lécﬁl oned
side vigyaot of£"eoend hQQ_ stanped fromthe | am nate of Figure 2; and

The temperatures used in this process to'prepare the.laminates
of Examples 1 to 4 are shown in Table 2.

_ The laminate of Example 4 represents an embodiment of the o/
present invention while the laminates of Examples 1, 2 and 3,
are given for the purpose of comparison.
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Figure 9 is a sectioned side view of a donmed can end such as can be stanped
fromthe lamnate of Figure 1 or Figure 2. The conponents depicted are, of
necessity,-sonewhat- diagrammatic to nmake the thickness of polyner filns

vi si bkg, Exanples 1 to 4 Thernoplastic polyner films (A) and (B) having
structures as described in Table 1 were applied sinmultaneously to a netal
strip (M by a thermal | am nation process. Tﬁg?j,hi ckness and conposition of
each of the polyper filnms and that of the net strip are shown in Table 1.
The | am nates were prepared by a sinmultanedus thermal |am nation process
such as that described in nore detail in o . K. patent application No.

8724237. - Typically, lamnates were pre heating the nmetal strip

(M to.a tenperature of 140 - WM%GM%G brought into
inti mate wi pik-e—f+ge—econtact—wi-th—the—retpl—vi-ar S Pa—oF—art f
roll's. The | pBxamele | |
and hel d aboje 230 ¢ for two seconds beforge rapid y=.and unifjormy quenching
the lam natefwih leﬁi:wa&mr regite | qzppt e vmadkdsad Wi taup blast afeazsl d
air. The tenperatur esaﬂsgglgpg#ﬂieh E9GESS| tHy b ERALEnd REch i nat es of

[ able 2. The 1

Exanples 1 tp 4 are|shown in Qa anplie 4 represents
an enbodi nent of the present invention whi :ﬂ%éﬁg&gﬁgﬁ%w Exanples 1) 2

2 i
(KATTT TTTAAT T UTT

and 3, silica
2 Bl: Bond Resin ( 51 As above As above
. B2: Nylon 6 (10w
— B3: Bond Resin (Sw

B4: Polypropylene (20y)

3 B1l: Bond Resin ( 8w As above As above
B2: Nylon 6 (121
B3: Bond resin { 8w
‘B4: Polypropyiene (72 )

4 Bl: Bond Resin { 3w As above As above
B2: Nylon 6 ( 3w
B3: Bond Resin { 3w
B4: Polypropylene {(31lp)

Key to Table 1:

1. Bond Resin is a maleic anhydride grafted polypropylene
containing 0.2 % 0.05% maleic anhydride.

2. Polypropylene is a polypropylene hompolymer.

0
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are given for the purpose of conparison. TABLE | COWPGSI TI ON OF

METAL/ POLYMER LAM NATE Exanpl e FilmB Fil m°A ~
Metal (M 1 B1l: Bond Resin ( 3[err]) Bond Resin (2 [err]) " .
0.21 mm ECCS B2: Pol ypropylene (37 [err]) Pol ypropyl ene with 0.3% .
synthetic silica (18 [err]) 2 B1l: Bond Resin ( 5[err]) Y
As above As above B2: Nylon 6 (10[err]) B3: Bond Resin
( 5[err]) B4: Polypropylene (20 [err]) 3 Bl: Bond Resin ( 8[err] )
As above As above B2: Nylon 6 (12 [err]) B3: Bond resin
( 8[err]) B4: Polypropylene (72 [er]r) 4,¢g- Bl: Bond Resin ( 3 [err])
As above As above B2: NonHSG ( 3[err] ) B3: Bond Resin

( 3 [err]) B4: Polypropylene (31 [err]) Key to Table 1: 1. Bond Resin is
a mal ei ¢ anhydride grafted polypropylenmungntalnlng 0.2 [err] 0.05% maleic >

anhydride. 2.  Pol ypropyl ene i s,agriahy R honpolyner
Example Metal Temperature Laminate Temperature Appearance
before nip after second stage
heat1ng
o .
Tl( c) Tz( C) !
1 140 250 Glossy, clear
2 140 250 Blisters in second \‘/
heating stage (Tz)
3 140 250 Blisters in second
" heating stage (Tz)
4 140 250 Glossy, clear
Notes for Tabie 2
1. Tl is the metal temperature before £ilm application

to the metal.

2. T2 is the temperature to which the laminate was heated
after application of the film.

3. Laminates were quenched according to our U.K. patent
application No. 8724244.



TABLE 2 LAM NATI ON CONDI TI ONS Exanpl e Met al TenperatUre Lam nat e

Tenperature -Appearance before nip after second stage heating
[err]. . [err] 140 250 d ossy,
cleary 2; 140 196 Blisters in
second heating stage (T2) 3 140 250
Blisters in second heating stage [err] 4 140

250 WhereasCGF@3fis, BCbEFaExbaipdesf @ ahdlze N ikterell dridy twd al

tenperature_before film applicati t tal_, . 2. I is th

t enper at ur eS€5° iBﬁa%Fngl FPE5 é%\r;ag%hég@e af tfél“hﬁplq[fg#%‘f?s]tﬂ ‘fhe film
3. Lam nad#d netebdlistelredndc wasdviguad lyuraddeptabdieant Exampleatl cilsd.
8724244, reas ki f . .St er | 5 second
‘heat i ng sta%%bﬁergra] a%*.: L"??SE&)% 15?? %BEQO%FZ Egﬁﬁ’%éfm A{l c}lt'd (r?g'tedLbifllls e%lt%nd was
visual ly ac eﬁﬁ&QPGQ EraFprmples| 2o agdvd wergcydsuadily upageentable and
perfornanceanéesahySEQEéctea the formability of the laminate.

Draw redraw cans 54mm diameter by 70mm height (DRD cans) of
the type illustrated in Figure 4 and. 73mm diameter food can
ends of the type illustrated in Figure 3 were manufactured
from the laminates of Examples 1 an§ 4 with film B as the
internal coating of the container.

The 73mm ends were seamed onto welded can bodies and both the
DRD and welded cans filled with a chicken soup product.
Canners ends were seamed on and the cans were retorted and
stored before opening.

Cans with the coatings of Example 4 in accordance with the
invention remained unaffected by the product for longer
periods than simple polyolefin coatings (as exemplified by
Example 1) and were considered acceptable for food packaging.

One might have expected that the thicker nylon layers of
Examples 2 and 3 should have given better barrier properties
than the thin nylon layer in Example 4. The blistering
probably resulted from absorbed water in the nylon
volatalising and, finding no ready path through the low water
permeability polypropylene, caused cohesive failure within the
coating as blisters. It is surprising that the effect was
eliminated by reducing the nylon thickness and that such a
thin layer had a beneficial effect on can shelf life.



. devel oped in Exanples 2 and 3 were visually unacceptabl e and adversely

affected the formability of the |am nate. Draw redraw cans 54nmm di aneter by
70mm hei ght (DRD cans) of the type illustrated in Figure 4 and 73mm - :
di aneter food can ends of the type illwgated in Figure 3 were J‘

-manufactured fromthe | am nates of Exanples 1 and 4 with filmB as the ™: -
internal coating of the container. The 73mm ends were seaned onto wel ded
can bodiElse ahamimatet Of ERBmpile dehndgd adsos bie Irlefmﬂmliyt I carmedd claetto soup
product ., S d a an rd ored
bef ore openi N Pl %gﬁgé &?ﬁﬁoﬁ@ﬁgga P%hsggf %S% |tﬁrz{31t§:‘gr ak@% the °
i nventi ¢h @ |wédthﬁaacéemaanwnshérpwwaét for Ionger peri ods than sinple
pol yol efin coatings (as exenplified by Exanple 1) and were consi dered
acceptabl e for food packaging. One m ght have expected that the thicker
nyl on | ayers of Exanples 2 and 3 should have given better barrier .
properties than the thin nylon | ayer in Exanple 4. The blistering
probably resulted from absorbed water in the nylon vol atalising and,
finding no ready path through the | ow water perneability pol ypropyl ene,
caused cohesive failure within the coating as blisters. It is surprising
that the effect was elimnated by reducing the nylon thickness and that
such a thin layer had a beneficial effect on can shelf [ife. The
| am nate of Exanple 4 nmay al so be readily forned into -



vari ous ot her. conponents such as those.illustrated in Figures 5 to 9 of the
acconpanyi ng dr aw ngs. CLAI M5: 1. A | am nated netal sheet having
adhered to'one of its major surfaces a conposite co-extruded

pol yolmefi n-containing film (B) conprising qﬁgLurality of layers in the
followi ng order:- (Bl) an inner |ayer of a nding resin which is an acid
modi fi ed pol yol efin resin containing carboxyl or anhydride groups, (B2) a

| ayer of a quggg%?@, the thickness of the |ayer being not greater than 9

m crons, (B3) ther |ayer of a bonding resin which is as defined for

| ayer (Bl1l), and (B4) a layer of a polyolefin. 2. . A lamnated netal sheet
according to &, ai npljaninated metapokhesitdhaving’ adBereds thlylope &f Nson
66,~ Nyl on 11 or N}él on %2. 3. A | ani,nat ed meR__aI sg(eet ac %eri rl%?t% aiml
Gt 2, wherei nBpA8F RUEEAEES Br CPRECFNFaFPTE X AYERY BOLYPISfANTeonts ining
m crons. 4. f£AlmafBhacouprdsingsheplureddtyi of layemg dme tdie ified Lowdngdi ng
clai ms, whereppgble_pol yolefin layer (B4) is polypropylene, polyethylene or
an et hyl ene- propyl ene copol ynmer, or pol ynet hyl pentene.

(Bl1) an inner layer of a bonding resin which is an acid
modified polyolefin resin containing carboxyl or
anhydride groups,

(B2) a layer of a polyamide, the thickness of the layer being
not greater than 9 microns,

(B3) a further layer of a bonding resin which is as defined
for layer (Bl), and

(B4) a layer of a polyolefin.

2. A laminated metal sheet according to Claim 1, wherein the
polyamide layer (B2) is Nylon 6, Nylon 66, Nylon 11 or Nylon
12. '

3. A laminated metal sheet according to Claim 1 or 2,
. wherein the thickness of the polyamide layer (B2) is from 3 to
5 microns.

4. A laminated metal sheet according to any one of the
. preceding claims, wherein the polyolefin layer (B4) is
polypropylene, polyethylene or an ethylene-propylene
copolymer, or polymethyl pentene. '

5. A laminated metal sheet according to any one of the
preceding claims, wherein layers (B2) and/or (B4) are
pigmented with a pigment.

S I



5. A |l am nated netal sheet according to any one of the preceding clains,

wherein layers (B2) and/or (B4) are pignented with a pignent. 6. A
| am nated nmetal sheet according to claim5, wherein the pignent is titanium
di oxi de. 7. A lam nated netal sheet according to any one of the COR

precedi ng C ai ns, wherein the bonding r 388" of | ayer (BlI) and/or (B3) i§:‘
chosen froma nal ei c anhydride nodified propyl ene, malei c anhydride i

di fied et hyl - I | ei hydri d difi .
 polyethyl Sre ok ECHACHE ARPEL et Redetafna il FlofRCh, Libersim ymer
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anhydride modified ethylene-vinylacetate copolymer.

8. A laminated metal sheet aécording to Claim 7, wherein
the maleic anhydride content of the polymer is from 0.05 to
0.5%. </

9. A laminated'metal sheet according to Claim 8, wherein
the maleic anhydride content of the polymer is from 0.1 to
0.25%.

10. A laminated metal sheet according to any one of Claims 1
to 6, wherein the bonding resin of layer (Bl) and/or (33) is
chosen from an ethylene-acrylic acid copolymer or an
ethylene-methachlic acid copolymer. '

11. A laminated metal sheet according to Claim 10, wherein
the bonding resin contains from 5 to 15% by weight of acid.

12. A laninated metal sheet according to any one of the
preceding claims, wherein the layers (Bl) and (B3) have the
same composition. :

13. A laminated metal sheet 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.
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sane conposition. 13. A lam nated netal sheet according to any one of the
preceding-dains, further conprising a film(A) of a thernoplastic polyner
adhered to the other major surface of the nmetal sheet. 14. A | am nat ed
met al Swe€et according to Claim 13, wherein t Lilm(A) is a conposite

pol yester filmconprising an inner |ayer (AT f a substantially
non-crystalline |linear polyester having a softening point below [err] and a
mel ting point bove 1 0 0,
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nmetal sheet according to any one of Clainms 14 to 17, wherein the outer

layer (A2) is qa biax] QAﬂlr?éﬁé‘é‘tzﬁ‘&'té’P@/I%é@acé@rdln@ £&eI R Bt e SOERT
according to any one of U ains
the polyester of inner layer (Al) is a copolymer of ethylene

terephthalate and ethylene isophthalate, or a copolymer formed
from terephthalic acid and two alcochols.

l6. A laminated metal sheet according to Claim 15, wherein
the copolymer is formed from terephthalic acid, ethylene
glycol and cyclohexane-dimethanol.
17. A laminated metal sheet according to Claim 15, wherein
the mole ratio of ethylene terephthalate to ethylene
isophthalate is 80:20.
18. A laminated metal sheet according to any one of Claims
14 to 17, wherein the outer layer (A2) is a biaxially oriented
poiyester.

U 19. A laminated metal sheet éccording to any one of Claims
14 to 18, wherein the outer layer (A2) is polyethylene
terephthalate.

20. A laminated.metal sheet according to Claim 18 or 19,
wherein the polyester of outer layer (A2) has a crystallinity
greater than 30%.

21. A laminated metal sheet according to Claim 20, wherein
the crystallinity of the polyester of the outer layer (A2) is
from 40 to 50%.
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14 to 18, wherein the outer layer (A2) is polyethyl ene terephthal ate. 20.

A | am nated netal sheet according to Claim18 or 19, wherein the polyester
of outer layer (A2) has a crystallinity greater than 30% 21. A Ianlnated
nmetal sheet according to O aim 20, mhehgh? the crystallinity of the

pol yester of the outer l|layer (A2) is fr 40 to 50% 22. A | ani nat €
net al sheet according to any one of the precedlng Cl ai ns, wherein the netal

heet t I h d st th_a_dual f
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| ami nat e conpr|5|ng t or strip I'ng adhered to one ma) or
surface tohpawkum @8i¥®site co-extruded pol yol efin- contalnlng film(B)
conprising a plurality of layers in the follomnng order:- (Bl) an inner
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t hi cknesdesgcxrilmed aytth heefigrencertat Examphe 9.nicrons, (B3) a further
| ayer ‘of a bonding resin.which is as defined

24. A process for producing by simultaneous'lamination a
polymer/metal/polymer 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:- W/

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

(B2) a layer of a polyamide, the thickness of the layer being
no greater than 9 microns,

(B3) a further layer of a bonding resin which is as defined
for layer (Bl), and

(B4) a layer of a polyolefin,

and having adhered to the other major surface thereof a film
(A) of a thermoplastic polymer, which process comprises
laminating'tO'one of the major surfaces of the metal sheet the
said film (A) while simultaneously laminating the said film
(B) to the other major surface of the metal sheet, the metal
sheet having been heated to a temperature Tl sufficient to
cause softening of the polymer films and intimate contact
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for layer (Bl), and (B4) a layer of a polyol'efin, and having adhered to
the other major surface thereof a film (A) of a thernoplastic polyner,

whi ch-process conprises lam nating to one of the major surfaces of the

met al\gheet the said film (A while sinulta sly lam nating the said film
(B) to the other major surface of the netal eet, the netal sheet having
been heated to a terrperature [err] sufficient to cause softening of the
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Claim 24 or ggge duction heating

nmeans. %iproc sdkalé}cégrélngto a|m Z%Y%erelnthe | ami nate is
reheated by i nfra-red heating neans. A process according to any one
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26. A process according to Claim 24 or 25, wherein the
laminate is reheated by induction heating means.

o
27. A process according to Claim 24 or 25, wherein the
laminate is reheated by infra~red heating means.
28. A process according to any one of Claims 24 to 27,
wherein the temperature T, is from 200 to 270°%c.
29, A process according to Claim 28, wherein the laminate is
heated to a temperature in the range 200 to 270°C and then
held above 200°C for at least 1 second before being
quenched. '

W, 30. A process according 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 Example 4.
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heated to a tenperature in the range ‘200 to [err]then held above [err] for

at | east 1 second before being quenched. 30. A process according to Claim
29, wherein the lam nate is quenched rapidly and uniformy. 31. A process
according to C aim 30, wherein the |am g i's quenched by immersion i n,\e*a,»
tank of . water or by line quenching wt ter. 32. A process 4

substantially as herei nbefore descri-bed with reference to Exanpl e 4.
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cont ai nerptocess asoclaimed da @anys agieaiGikadns Lo of d ai ms 1 to 23 or*
33. _

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