221 1135, LANINATED METAL SHEET The pr esent i nvention relates to a process

for prioduci-hg a |l anminated nmetal sheet, and to | am nated netal sheet .
produced* by such a process. Lani nati on of polymer materials to metal sheet
such as netal strip is a well known and welj -docunented technique. The

resul tant | am nates have many applications such as for exanple in the rd
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4 Polyester coatings are frequently used to coat metal sheet in
' order to impart good corrosion resistance to the metal sheet.
It is usual to try to coat the metal sheet with a polyester
resin which has a crystalline and oriented structure since
_ such polyester £films have low permeability to oxygen, water
and steam. However, it has been found that it -is not easy to
achieve adhesion of such crystalline,-biéxially oriented
polyester £ilm to a metal sheet. '

~ One solution to this problem is to laminate the biaxially

oriented polyester to the metal sheet by use of processing

conditions which require heating the metal sheet to high
R temperatures thereby to melt at least part of the biaxially
oriented polyester. Such proposals are contained, for
example, in GB 759876 and GB 2123746. However, while this
solution has certain advantages, it relies on very close
control of metal strip temperature during the lamination and
lamination rolls of highly resistant materials for the very
high temperatures necessary to laminate biaxially oriented
polyethylene terephthalate film to_metal strip.




pol yet hyl ene. t'erephthal.ate filmto metal strip. "-2- An alternative
solution i's fo-provide an internedi ate | ayer of adhesive between the
crystal li'he pol yester layer and the netal sheet to which that layer is to-
be adhered. This type of solution to the pr@gbleemis disclosed, for exanple,
in GB 2164899 which requires the application of an epoxy resin adhesive to
the metal_ssheet for the application of a polyester resin film This allows
the | am nati an pltersativebsoimtfiomes dto prowisie |anviinste mred atperayee of
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deep drawi ng cans from pol Qster-mqeﬂ, . X
operations and is a relatively expensive way of overcoming the

said problems.

— Similarly, GB 1501353 describes a blend of a polyester, an
¢-olefin copolymer and an epoxy compound for the purpose of
formulating an adhesive suitable for use in laminating
thermqplastic resins to a metal substrate. GB 2055687
describes a laminate formed by heat bonding a £film of a
biaxially oriented polyester film to a metal sheet by use of
an adhesive layer, the adhesive layer being made of a
polyblend which incorporates a high melting point polyester
and a low melting point polyester. The blend of polyesters
may incorporate a polyolefin resin. ’

None of the above-mentioned patents are concerned with -the
problems which arise in deep drawing cans from polyester-metal
laminates.

. Conventional adhesives can be used to bond metal sheet and
film. For example, isocyanate-based adhesives may be coated
onto the polyester £ilm or metal sheet before the two are
brought into contact in a lamination nip.

In practice, if one attempts to manufacture cans from
laminates according to GB 2123746 and 2164899, typically by
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the laminated or1ented f11m beyond its elongation limit,

resulting in fracturing of the oriented polyester. This
phenomenon affects oriented polyester coatings as described in

GB 2123746 and 2164899 and those produced and laminated by \,J
other techniques in which attention is not paid to the

coating's tensile properties. '

Lamination of a polyester to a metal substrate is also
described in GB 1566422. This patent specification
indicates that the laminates described therein are suitable
for deep dfawing applications. However, the polyesters used
to form the laminates described in GB 1566422 are polyesters
of a very specific class in that they have an intrinsic
viscosity of 1.2 to 1.8 and a crystallinity in the laminated
film which is 30% or less. This specific class of polyester
has an intrinsic viscosity range which is such as to exclude
conventional, commercially available polyethylene
terephthalate homopolymer materials such as the biaxially
oriented polyethylene terephthalate materials which are the
materials generally considered to be materials of choice for
laminating to metal sheet when it is desired to impart good
corrosion resistance to metal sheet by virtue of the low
permeability to oxygen, water and steam of such biaxially
oriented polyesters.
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formng into cans or containers by deep drawi ng processes. According to a

first aspect_of the present invention there is
According to a first aspect of the present invention there is

prov1ded a process for producing by simultaneous lamination a
polymer/metal/polymer laminate, which process comprises

(i) simultaneously laminating to each of the major surfaces of
a metal sheet a composite polyester film (A) comprising an
inner layer (Al) of a substantially non-crystalline linear
polyester having a softening point (Ts-Al) below 200°C and a
melting point (Tm-Al) above 150°C and below 250°C and an
outer layer (A2) of a biaxially oriented linear polyester
having a crystallinity greater than 30% and having a melting
point (Tm-A2) above 250°C. the metal sheet having been
heated to a temperature Tl above the softening point
(Ts-Al), preferably above the melting point (Tm-Al), of the
polyester of inner layer (Al) thereby to cause softening,

Y preferably melting, of the inner layers (Al) and adhesion

- thereof to the metal sheet, but below the temperature (Tm-A2)

at which the outer surface of the outer layer (A2) will melt
when in contact with the metal strip at temperature-Tl, and

(ii) re-heating the resultant laminate to a temperature Tz
sufficient to cause the polymer f£ilms (Al) to interact with
and become bound to the respective surface of the metal sheet,
but such that the outer surface of outer layer (A2) remains
below temperature (Tm-A2).



prOV|ded a process for produ0|ng by sinultaneous .| am nation a
polynerﬂnetallpolyner | am nate, which process conprises (i)"simltaneously
| am.nating to each of the nmajor surfaces of a netal sheet a conposite

pol yester film (A) conprising an innecr-sayer (A) of a substantially
non-crystalline |linear polyester having a softening point (Ts-Al) below
[err] and a nelting point (TmAl) above [err] and below [err] and an- quter
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of the present_1nvention ere prov | am nat e eet having a
p0|ynerbquﬁq%ﬁg”quented linear polyester having a melting point

above 250 C.

Preferably each composite polyester f£ilm (A) is a £ilm which W
‘has been prepared by co-extrusion.

The lamination process of the present invention is carried out
in a number of stages. ‘In a first stage, the metal is
pre-heated to a temperature Tl above the softening point
(Ts-Al) of the polyester of layer (Al), preferably above the
melting point (Tm-Al) thereof, but below the Eemperature-
(Tm-A2) at which the outer surface of outer layer (A2) will
melt when in contact with the metal strip at temperaturé

Tl' T1 is typically a temperature of from 120 to 260°C,

most -preferably 200 to 250°¢.

In a second stage, the films and metal are brought together in ~
a lamination nip thereby establishing intimate and uniform,
wrinkle-free, contact. At this stage the contact layers are
the inner layer (Al) of amorphous polyester, metal and on the
opposite side of the metal, the inner layer (Al) of the other
polyester £ilm (Aa).

In a third stage, the resultant laminate is re-heated,
preferably by induction heating the metal core to a



.to each of its major surfaces, the potyner films having been adhered to
the metal sheet: by sinmultaneous thernmal |ammngion, the polynmer film
adhered to each nmjor surface of the netal sheet being a conposite

pol yester film (A) conprising an i nner | ayer (AI) of a substantially
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core to a typlcally, the laminate 1s heated to a temperature 1n the

- range 250 to 270°C and then held above 200°C for at least

1 second before being quenched, advantageously for 1 to 30
seconds. Preferably, the laminate is heated to a temperature
of 250°C, and then held above 240°C for 2 seconds.
Preferably, the laminate is rapidly and uniformly quenched
with water. By allowing the polyester layers to cool to above
200°¢ before quenching the danger of blieterihg of the
polyester films is minimised. Furthermore, the laminate
should be quenched before the polyester can recryetallise to
any substantial extent. The rate of crystallisation of
-polyethylene terephthalate is at a maximum value at
temperatures around 160 to 180°¢; accordingly, it is
advisable to quench laminates formed with polyethylene

N terephthalate coatings at a temperatufe of about 200°c.

We have found that provided the outer surfaces of the
biaxially oriented polyester films (A) remain below their
melting points, a sufficient portion of the excellent
properties of the biaxially oriented polyester film, e.qg.
polyethylene terephthalate, can be retained. We have also

- found that the residual proportion of non-crystalline (melted)

' and biaxially oriented (non-melted) polyester in outer layer

- A2 controls the tensile properties of the coating and the

formability in deep drawing operations. The amount of



-6- tenperature between [err] and [err] the tenperature being chosen to be
such:that the outer surface of the outer layer (A2) of .biaxially ori’ented
pol yester is kept below the nelting point (Tm A2) of the bi.axially oriented
pol yester thereby to control the extenty of nelting in the biaxially
oriented | ayer (A2) of the polyester film(A). Wile the outer surface of
the polyester film(A) is maintained belowits nmelting point, but with the
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suitable pyrometer may be used to identify the temperature of

the polyester for example a single frequency device operating

at 7.8 microns where polyesters have optimum emissivity. _

Alternatively, devices that recognise the change from biaxial 39/

orientation to crystalline non-oriented or amorphous polyester

may be used to indicate the condition of the polyester film

(for example, an X-ray diffractometer). |

The precise temperature Tl to which the metal sheet should

be heated prior to lamination depends both on the thickness of
the £ilms to be laminated and also on the chemical nature of
the said films. Temperatures of 140°C to 260°C are

suitable for coextruded biaxially oriented pdlyethylene
terephthalate.

The temperature '1‘2 to be used on re-heating the laminate
downstream of the lamination nip is typzcally in the range 250
to 270°C. The exact temperature to be used will depend on
the dwell time before the laminate is quenched and the
relative masses of film coatings and metal. Temperatures
higher than 270°C lead to complete melting of the
polyethylene terephthalate films leading to loss of biaxial
orientation and its associated properties. The temperature at
the lower end of the said range is determined by the need to
achieve a satisfactory bond strength bétween the metal sheet
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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 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 0.01 to 0.20 gm/m?, while the chromium
oxide ranges from 0.005 to 0.05 gm/m?. The ECCS is commonly
derived from deposition systems containing either sulphur

containing or fluorine containing catalysts.

Each surface of the metal sheet or strip has applied thereto a
composite polyester film (A) which preferably has been
prepared by co-extrusion and orientation prior to application
to the metal sheet or strip. The composite polyester £ilm (A)
comprises a thinner inner layer (Al) of a substantially
non-crystalline polyester which has a softening point below
200°C and a melting point above }5o°c and below 250° and
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terephthalic acid and two alcohols, 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 crystalllnlty greater than 30%, preferably from 40
to 50%.
The crystallinity of a polyester resin can be measured by
x-ray diffraction techniques as described in GB 1566422 or
from measurement of density, and applying the following
relationship:- '
v. = (2 -P). (p-P ) !
c a’’ c "a
wherein 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
chlorideswater or n-heptane/carbon tetrachloride mixtures.



The nmetal substrate to which the polyner filnms are-applied, typically in
the formof metal strip, is generally steel or alumniumor alloys thereof,
typically a steel or alum nium based product used in the packagi ng

i ndustry. The gauge range is typically 0.Q5 ygnio 0.4 mmfor steel and 0.02
mmto 0.4 mmfor alumnium The steel nay be coated with tin, preferably
passi vatgd by conventional chromic treatnents, or alternatively may be in

the form of Thek®iaxiadilyc oistnteds tprdlyedtiear ki I aised pdwsphet edter layer
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200 C and a nelting point above 150 C and bel ow 250 and
| The heat setting temperature is typically 200 to 220°C
o/ preferably. 210 to 220°C. Lower heat setting temperatures
generally result in an increased tendency for the oriented
film to shrink when reheated.

Typically the inner layer (Al) should be continuous and have a
typical thickness of about 2 to 3 microns. The ratio of the
thickness of the outer polyester layer (A2) to the inner.
polyester layer (Al) is preferably 12 to 3, with the total
thickness of. the combined layers being preferably from 12 to
25 microns. '

If desired, one or more of the polyester layers may contain an
inorganic anti-blocking agent such as synthetic silica having
a particle size of from 0.5 to 5 microns.

The outer polyester layer (A2) may optionally contain a
proportion, typically 0.5 to 10% by weight, of the polyester
used in layer (Al). This maferia; may be derived by adding
co-extruded £ilm edge trim to the PET extruder during film
manufacture. The presence of this additional polyester
improves the formability of the polyester film.



-9- a thicker outer layer (A2) which is a biaxially oriented |inear

pal yest-eér having a crystallinity greater than 30% and a nelting, point above
[err] Preferably the highly crystalline outer |layer (A2) is polyethylene
terephthal ate. Preferably the inner_layec (Al) is a |linear copolyester, for
exanpl e an anor phous copol yner of approxi mtely 80 nole % et hyl ene

t erepht hal at e and approxi mately 20 nol e % et hyl enei sopht hal at e. .y
Cf)pol yaslss s bfl c?]esfpédha{:hehantlérapdlyslstekcQ_bybgl, (h}gr) ey THe et hyl¥&ne

gl ycol and cvc xane- o ar suit e fqQr _use as the inner
Payer A9medgef SER0E ChEVERSBaray BEsReRRaC bR o8 e kel o | yer (a2)
has a adoxixleinity greater than 30% preferably from40 to 50% The
crystallinity of a polyester resin can be neasured by x-ray diffraction

t echni ques as, descrjbed in _GB 1566422 or from neasurenent of density, and °
appl yi nghe Rrineipdt nfupetaepoptntpe- ipser) pedgester layer (Al) igitene

fracti qest ysé#l | t6i tNePmetal Surfdeasatytehperarugesebellow the density of
anor phous]r nat eri al ensi t

err] = d of .¢r staélin material P.can be
measur FF%Fd%%%?%yogoFBﬁn?uE§Fn§r¥¥ﬁaiéﬁP r P8 VﬁéggF é@ﬂ?ﬂ] re/ car bon
tetrachl ori de m xtures.

It is important that this layer should retain its amorphous

nature after orientation and heat setting of the £ilm if the

inner layer is to bond below its melting point.

Particularly preferred aspects of the present invention are 53}
the use of metal temperature before film application in the

range 200°c to 250°C, the use of biaxially oriented -

polyethylene terephthalate films with an orientation induced

by stretching in both directions by a factor of approximately

2.2 by 2.2 to 3.0 by 3.0, and the use of induction heating to
reheat the laminate after f£ilm application and control the

extent of melting in the biaxially oriented portion of the

coating (A2).

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

The following examples are now given by way of further
illustration of the present invention.

xam 1 r v

Laminates of biaxially oriented polyeth&lene terephthalate
film laminated to each side of an ECCS metal strip were
prepared in accordance with the teaching of GB 2123746.
Details of the materials used to prepare the laminates are



- 10 - .The biaxially oriented. pol yester filmused as the outer |ayer may
have a -range ‘of orientation |evels and may be fornmed by stretching the
anor phous ext+uded polynmer in the forward direction at tenperatures above
the glass transition tenperature of the polhgner by a factor of 2.2 to 3.8
and simlarly in the transverse direction by 2.2 to 4.2, typically 2.2 x
2.2 up tQ 3.0 x 3.0. Where the lam nated coating is to be used in deep
drawi ng net agieent bhntablet he owhenpettommhacpreEethbh¢IﬂaﬁﬂnxtdSthen

ST o 06 SkaBRRRCLOER, B pip2chBe0 0" shERIF s L A1

preferably. 280and 220 C. Lower heat setting tenperatures generally resul t
in an increased tendency for the oriented filmto shrink when reheated.

Typically the inner |ayer éAI) shoul d be conti nuous and have a typi cal
t hi ckness of 1 crons. The ratio of the thickness of the outer
pol yest er Iayer (AQ) to the inner- polyester Iayer (A) is preferably 12 to

3, ith th th nbi b f bly. f 12
S0 55 i o omSl e lusaE Bg toner 18R RaReE, HekE PreBara Y & JaninAA

an |norgan|cgnntesblpekfogmegemh apphratusyashéflilastiraited mwhem@tinWchme
size of from.y éréog ol Fighte 1BCo2Uthe BRLYEPARYiNG AralAngs™Y A metal

optionally CORT &l
sheet M was pre-heated to an appropriate temperature '1'1 by a

heater 1. Temperature T1 is usually within the range 120 to
| 260°¢. Polyester films A were fed from feed rolls 2 and 4
o and laminated to the opposite sides of the pre-heated metal
sheet between lamination rolls 6, 8, typically having a
diameter of 100-400 mm. Lamination_was generally performed
using a nip force of 200-400 N per metre between the
lamination rolls.

In the lamination nip, intimate and uniform, wrinkle-free
contact between the metal sheet and the polymer films is
established. Downstream of the lamination rolls the resultant
laminate is re~heated, preferably by use of an induction
heater 10, to a temperature T2 at which the polymer fil@s
(A) will interact with and become bound to the metal sheet.
U Temperature Tz is usually within the range 250 to 270°c.
The metal polymer laminate is held at temperature T2 or a
temperature below T2 (typically above 200°C) for a short
period of time, usually no more than 2 seconds, and is then
rapidly and uniformly quenched with water to a temperature
below the glass transition point of the polyester in films
(A). Quenching can be performed in any conventional manner,
but typically can be performed by passing the laminate through
a tank 12 of water as shown in Figure 9 or by passing the
laminate through curtain 14 of quenching water as shown in
Figure 10.



proportion, typically 0.5 to 10% by wei ght, of the polyester used in |ayer
(Al).! This material may be derived by adding co-extruded filmedge trimto
the PET extruder during film manufacture. The presence of t-his additional
pol yester inproves the formability of jghe polyester film Al so, if
desired, the outer polyester layer (A2) may be pignented using conventional
pi gments such as titanium di oxi de. The principal function of the inner

pol'yest g banerralhl ks prodess SERistratde IptRlguss 9106 o ﬂeeperAgfures
el ow the nelti.n oi.nt of the oujer cryst | ol yest er er ot
s {motpmipatidh Bhidy Rentimad dn & Fertical Mg iR TrefiEretre |
ori ent avVeatigad mexemert iofy tie etdl Ishrip tthroughertheyybamisatboond

bel ow i | i pQJ Part] Gl r %?ﬁft : t S )
i nventi %%agrge%%%gsu?gm&llﬁg{g %iﬁéega%%&ge%%‘ | a‘gép?i ca ?%ﬁ ﬁ&t he ~
range [@prp uwpifoFmcquenching.of biaxially oriented pol yethyl ene
terephthalate filns with an orientation induced by stretching in both

directigns b factor .of approxi natel 2 by 2.2 10 3.0 by 3.0, and the
use of HGHE\éi gn aﬂéé’t ShPYSH £§é€ﬂmqqglérﬁ% %%taertifﬁ”r% pplication and
cont r ol tehperatare grofkille which twould e didundrirenthesl process of the

roasur o8 APEEZAHEY HH td Bplild G e Jionet e viscosiies are

Table 1 sets out the types of polymer which were laminated to

the metal strip and the thickness of each layer. Examples 1 _
and 2 are given by way of comparison. These laminates were \J
obtained by a process such as that described in GB 2123746.
Laminates of the types described in Examples 3 to 5 were

obtained by a process in accordance with the present invention
performed under the conditions set out in Table 2.

A diagrammatic sectional view of a laminated metal sheet
prepared in accordance with the process of the present
invention is given in Figure 1 of the accompanying drawings.



concentration:of 5 g/l. The.follow ng. exanpl es are‘now given by way of
further{ illustration of the present invention. Exanples 1 and 2
(Conparative) Lam nates of biaxially oriented polyethylene terephthal ate
filmlamnated to each side of an ECCS netal strip were prepared in
accordance wth the teaching of GB 2123746. Details of the materials used
to prepgfe the |lamnates are - 12 - given in Table 1. The performnce of
these | aM nates when used to prepare canst er can ends is shown in Table 3
(Exanmples 6 and 7). Exanples 3 to 5 Polyner/netal/polyner |am nates were
prepared by a | am nation process perforned in apparatus as illustrated
schematically in Figure 9 or Figure 10 of the acconpanying drawi ngs. A
nmetal sheet Mwas pre-heated to an appropriate tenperature Tl by a heater
1. "Tenperature T1 is usually within the range 120 to [err] Polyester filns

A were fed frdmtedd rolTs{2 and 4 afjd Tam natgd to the dpposite sijdes of
the pre-heatedq netgl sheet |between | gm nation rjolls 6, 8,j typically] having
a di anmeter of ]100- 400 nm Jam pation jwas_gener gl | yoperforjmedigising ja nip
force ofd 200-400 N |per netfde bEtween jthetanindtiotirol I Itthe
| ami nat Bdn ni o i Nt} aat e ajd upi form} wr ikl e-fjree— —
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cont.act between the netal sheet and the .polymer. fi-lns i s established.

Downst rream of the lamination rolls the resultant laninate i's re-heated,
preferably by use of an induction heater 10, to a tenperature T2 at which
the polyner films (A) will interact wijgh .and becone bound to the netal
sheet. Tenperature [err] is usually within the range 250 to [err] The netal
polynmer lanminate is held at tenperature T2 or a tenperature bel ow [ ery]
(typically above 200C) for a shoREYWer0 BABIE ti me, usually no nore t¥an 2
seconds, and is then rapidly and uniformy quenched with water to a

t enperature bel ow the glass transition point of the polyester in films (A)?
Quenchi Mgtaedn be perforned in BOCS ofy diltiickne s sreheizk mmyufor ypagaéngscan be

performed by passing the |am'“ﬂﬂhtéf(ﬁﬁﬂbf?ééﬂﬂﬁ]f%(ﬁm Erafswghown in

Figure 9 or by passing the lamnate throu curtain 14 o quenchlng wat er -
as shown in Figure 10. - £3Q34%rgeneral the process illustrated in
Figure 9 with the Ianination bei ng perforned in a vertical node is

Gt I A U B R N ML A AR
quenching. Figure 9 also shows immmheteger (Rk)ywas o wonyprystalkiperature
'E{SLLLe9$hICh woul d be fOU”d"kaE%FHME%Eﬁ%déi‘E%ifﬁé%kfrhﬁbéhaagéfét“S of
copolymer of ethylene terephthalate
(approx. 80 mole %) and ethylene
-isophthalate (approx. 20 mole %). The' _
softening poiht of the polyester was - 1&/
approximately 140°C, and the melting
point of the polyester was 210°c.
The intrinsic viscosity of the
polyester was from 0.6 to 0.7.

Biaxial PET (I): represents a biaxially oriented
polyethylene terephthalate having an
orientation of approximately 3.2 by
3.2, a crystallinity of approximately
50%, and a melting point of
approximately 260°c.

Biaxial PET (II): represents a biaxially oriented
polyethylene terephthalate having an
orientation of approximately 2.5 by
2.5, a'crystallinity of approximately
45%, and a melting point of
approximately 260°¢.

Biaxial PET (III): represents a biaxially oriented
polyethylene terephthalate
incorporating 5% of an 80:20 mole %



Tabl e 1 set.s cut the types of. polyner .which were laninated to the netal
strip and-: ‘t he thickness. of each | ayer. Exanples 1 and 2 are given by way of
conpari son. TFhese |-ani nates were obtained by a process such as that
described in GB 2123746. Lam nates of theyges described in Exanples 3 to
5 were obtained by a process in accordance with the present invention
perfor “under the conditions set out in Table 2. A diagrammtic sectional
view of @'l ami nated netal sheet prepnpelymencdrathyxiens tterephihatase afid
the present invention is given in Fi fs aefoRanyi '

-14> [err] - 15 - KEY TO TABLE 1%;“9?1‘_":]“& 1§?lb6h ' ?&gﬁ%ﬂ:ﬂéf has
t hi ckness 0.21 nm for can ends, and 3¥ amiiengdsiom ofy 3RREAFLNBERLY chind . bY

E)Z: ester A . In (Exarml es 33, %10 é,cﬁ:ﬂ‘ﬁltmmmlﬁroﬁ:apwﬂxﬂviﬂy
was a non-crystalline (i.e nggﬂhgu po ﬁgﬁt%&? ich was a copol ymer

of ethyl ene terephthal ate (approx.
approxlmately 260°°C.



| sopht.hal ate (appr ox.

20 rmle%

The

$of teni ng. point .of the polyester was
apprbxrr’rately [err] and the melting pol nt of the pol yester was 210 C.- The

i nt.ri nSiqCVISTOYI Ty @f tg por Jester] was [fromjo. 6 o 0. 4. B gxi al |PET (I):
represerjts a biaxiallly orifented pol ylet hyllene tler epht hal 4t e hgvi ng
orientatlion of dpproximatgly 3|2 by 3.2, [a crystal i nity of gpprox
50% ang a el ti Pt Qfg apgr@xi Egelygerr]gBiagal PET (JIB):
represerts &gbi al Iy orifedt ed Jol yiexhyl|Qe tleEeptitHal 4t & hgvitng
ori entatji on @f qpproji matgly 2.5 by |2. 5, Ja crystal llinity of gpprox
45% and a ®ltiing p¢int ¢f apgroxinately [err]] Bidxial |[PET (JI11): ?
represerft® a bidxiallly orilented pol ylet hyllene tlerepltjt hal dte irfcorporati ng 5%
of an 8(: >ZO nol ¢ % - 14 - cqpol yner of] et hyl ene |t er eght hallat e and .
et hyl ene msg)ht al ate}. Thd pol yner Rhas an oriqntation off apprjoxi ely 3.2
by £ ' ' .
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3.2, a.crystal'linity of approximately: 5096 and a nelting point of
approxvnatery 260 C. -1 7 - Jerr]- ‘18 - The netal / pol yner | ani nates
of Exanples 6 to 15 were fornmed into various conponents for containers and
cl osures such as drawredraw cans and aerasqlg can ends or beverage can
ends. Il Lustrations of the shapes of typical products which can be obtained
fron1the§getallpolyner | ami nates of the invention are illustrated in

Fi gur es OTBeOﬁethﬁlgodmanWangrﬂltm RES Balamptl eis! 16U dior aiSe wearsy -fyaned 0od
can ends o 19593 AR5 cLAMLARAR LMY ARRMIRIAUAN LA Bl o

i roned cans, open e can én aerosol “cdps, aerosol” cones and
aer osol domeéraWhéegé'ﬁWocm#c@ndf atetr@smdmm endst @M%@ tqRn BRds er

havjng been {91i{BHrabiBnd SRS RIAPEE cFEIPATA PrRUUAY NI dn He
aer osol / bevera e can_end was ascer.t ai ned subjectlng t he products, to
vari ous testebt¥ppedoExromst %WH@W&%}{&@ inghes, ofut "’(ﬁrjrll‘}ﬁ? iR Rre

illustrated in Figures 2 to 8 of the accompanying drawings
which illustrate easy-open food can ends or non-easy open food
can ends, draw-redraw and partial wall ironed cans, easy open
beverage cén ends, aerosol cups, aerosol cones and aerosol
domes. '

The performance of the laminates of Examples 6 to 15 after

o having been formed into a shaped product such as a draw-redraw
can or an aerosol/ beverage can end was ascertained by
subjecting the products to wvarious tests. The results are
shown in Table 3.

B vi uri mi

The polyethyléne terephthalate coating coverage was monitored
as the laminate was formed into food cans (65 mm diameter, 100
mm height draw-redraw cans), aerosol can end components and
beverage can ends. Coverage was assessed visually and by
immersion in acidifed copper for two minutes, followed by

U inspection for copper deposited at areas of exposed metal.
The results are shown in the two columns headed "Forming®” in
Table 3.
v ing r n

Cans formed from the laminates were f£illed with citric acid
(0.65%), sodium chloride (1.0%) and malic acid (0.42%)
solution at pH 4.3, a top end was seamed on to the can and



The pol yet hyl ene terephthalate coating coverage was nonitored as the

| ani hate was forned into food cans (65 nm di aneter, 100 nm hei ght
drawredraw cans), aerosol can end conponents and beverage can ends.
Coverage was assessed visually and by ijgrersion in acidifed copper for two
m nutes, followed by inspection for copper deposited at areas of exposed
net al . The results are shomn In the two columms headed "Form ng" in ;?ble
3. BehaveeUftddrangma Q@ Fiory 1Chouxf.or Mhek fdawnMarse dovligth) aspewed fi'Fl ed

with ci | | Cq aci 0. 42@@
1 SLARATCE, s U Ut Y, BBl 2 :
retortedeaulpsrapefshownhomrthenglumn\hﬁadaﬂﬂﬂathﬂhﬂnsfeﬁniTathdhdltion
of the polymer filmwas inspected. The results are shown in the colum .
headed "Retortlng" in Table 3. XRD Rel ative Peak Height (see Table 2) The.
bi axi al XB Y- Jeight (see FdbdeiZdced in an x-ray

dlffractoneter Cbunt rates were neasured when the flat sanples were

. f hst h
oo The BiRRamy I, SHRHEMY Bkl AMRIRE i T ¢
res pectx{-nayhéiﬁéaaptmiertm.m Upunte mpdese weres measuEd (whemnche Hkdtween
sampl e gfh%?}ef 2 oRelE toPla %%&%@néma}&%am} Nfodddh fotatic @S | N

a norna tion scan. I S arrangenme
x—rays, using an appropriate detector. The sample and

detector were rotated in-line, with respect to the beam,
maintaining the geometry such that the angle between samplé

and beam (®) and detector and beam remained in the ratio 1:2, 'SJ
as in a normal powder diffraction scan. This arrangement
generates information on planes parallel to the sample

surface.

In biaxially oriented PET, the (1,0,0) plane gives a high
count rate at © = 13° but in amorphous PET this peak is
absent. The ratio of 8 = 13° peak heights for laminate and
original film is related to the amount of retained
orientation. The Relative XRD Peak Height (Table 2) is the
ratio of count rates for the laminated PET coating and the
corresponding free film at @ = 13°.

The results given in Table 3 show that laminates in accordance
with the present invention can be used satisfactorily both for
shallow drawn components as well as deep drawn components (see
Examples 8 to 15).

Laminates prepared under preferred processing conditions of
the process of the present invention as exemplified by
Examples 10, 12 and 14 will readily form shallow drawn
components having acceptable properties as well as deep drawn



generates i nformati on on planes parall.el to the ‘sanpl e surface In

bi axi al by ‘ofi Bnt ed 'PET,.the (1,0,0) plane gives a high count rate at [err]
but in amorphous PET this peak is absent. The ratio of [err] peak heights
for lamnate and original filmis related 1ogdhe anount of retained
orientation. The Relative XRD Peak Height (Table 2) is the ratio of count
rates foLﬁthe | am nat ed PET coating and the corresponding free film at
[err] The r egolipongntsn whichlice rnbtstaxhibict 18 rof &sormﬁmorﬁweecwim

conponent o ad b trbeiEe P SRR SR et £ e . B €T G

Lam nat es pré@@r@d&n&ﬂeremhrfmﬁ rmomms:cﬁ\chnd chsfail twhkeprbhess of

the, present %\‘:ﬁ?{dt@ i% 1y | cbcholy, polyéktee c?f‘cbé“zi‘?f?'b elgé%y
forn1sha||om1 rawn conponents aV|ng accepta Ie propertles as
dr awn - h&iﬁﬁﬂuﬁﬁ%ﬁ on Af Rredknind thiss 5 xen bgydqxceeded

protection. Hhéipfﬁdﬂﬁtng tdhieé c”ﬂ&aﬂiﬁ %@'Wﬁ&i Qﬂﬁe OfesUE: EWSE €hé GB
2123746 as exe I|f|ed

| es ,6 and i | mhen t) e | ami nat
severely draR? ‘i’é’fgng? @521%1%"91 ﬁﬁgﬁ%ﬂeﬁt
break, and tlmgsammtr amhﬂqsmemjelbsmen form ng deep drawn cans wth the

result that the pol yester coating breaks and protection of the nmetal sheet
Examples 10, 12 and 14 in Tables 2 and 3 illustrate preferred
processing conditions in accordance with the present
invention. A comparison of the properties of the laminates

\— obtained in these Examples with the properties of the

laminates obtained in Examples 9 and 13 show that use of a
metal temperature prior to lamination as low as 150°C can
result in poor adhesion of the polyester film to the metal
sheet after forming and retorting. The preferred metal
temperature before application of the f£ilm thereto is from
200-250°C, below the melting point of the PET in outer layer
(A2).

Example 15 illustrates that if the conditions (e.qg.

temperature) on re-~-heating are so high as to cause the

polyester coating to melt completely, the coating becomes
9 bpaque on retorting and is regarded as unacceptable.



agai nst corrosion is |lost. Exanples 4@ 42 and 14:in Tabl es 2 and 3

il us; ratepreferred grocessing codditions in accaordance Mibh th_ esent
i'nvent i_on| A congari sgn of roperties jof the | an natefp obthined}in
these Ex | es wijth tHe pr s of] the § am njates pbtai hed i p Exapples 9
and 13 shpw t hat juse agf a enpefature pripr tof | am pati oh as |ow as

[err] can sult lin pdor adhesi of the | yesger fyImtp the metaJsheet
after for g anq retdrting. preferred neta te eratpre bgforel®
appl i cat i joig{of tke>5filmth s fr m2 - 2501 C, blow he rrbltinjpoint_
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(i) simultaneolsly |aninating.to each of the major surfaces of a metal
sheet. a conposite polyester film (A) conpri'sing an inner layer (Al) of a
substantially non-crystalline |inear polyester having a softening point
(Ts-Al) below [err] and a nelting point (Tm22)—above 150 C and bel ow [err]
and an outer |layer (A2) of a biaxially oriented |inear polyester having a
crystall\_;ty reater than 30% and having a nelting point (Tm A2) above
[err] the met: t having been heated to a tenperature [err] above the
sof teni ng poi nt (Ts-Al), preferably above the nelting point (TmAl), of the

pol yester of i ner he use_ sof enln pyefera :
netting, of t n% ¥%?é féf gﬂ%uﬁgﬂ%aﬁ’ SRR st%@ﬂ?ﬁ*’gghﬁet,
bufgbeIOM/trmap@&mmgzwmmtalﬁm¢lﬁyeailamlnhteheWbuchrpsmméssecomprhsesuter
| dayer (A2) will nelt when in contact wwth the netal strip at tenperature
[err] and (ii) re-heating the resultant lamnate to a tenperature [err]
sufficient to thusesimgliancously; laminabing ote eachof \Fhe malopcseraces

bound to the r@ﬁp@%éﬁﬂssﬁééﬁeaoéoﬁbesﬂﬁé olypéster bE1kU taeﬁpfbglﬂgt&&

surface of the L, L (89 b TR DebEh Lerbralare LN Ay e
260C. 3. A polpesterchaving aosafteniig pbbnﬁlnrshklldmpbontmoe Ceand as
heren'she | el AUREIA B AP A Sy LSHCE o
outer layer (A2) of a blaxlally orlented linear polyester
having a crystallinity greater than 30% and having a melting
W point (Tm-A2) above 250°C, the metal sheet having been
heated to a temperature Tl above the softening point
(Ts~Al), preferably above the melting point (Tm-Al), of the
polyester of inner layer (Al) thereby to cause softening,
preferably melting, of the inner layers (Al) and adhesion .
thereof to the metal sheet, but below the temperature (Tm-A2)
at which the outer-surface of the outer layer (A2) will melt

when in contact with the metal strip at temperature Tl' and

(ii) re-heating the resultant 1aminage to a temperature T2
sufficient to cause the polymer films (Al) to interact with
and become bound to the respective surface of the metal sheet,
but such that the outer surface of the outer layer (A2)
remains below témperature (Tm-322).

2. A process according to Claim 1, wherein the temperature
T. is from 120 to 260°C.

3. A process according to Claim 2, wherein the temperature
T. is from 200 to 250°c.

4. A process according to any one of Claims 1 to 3, wherein
the laminate is reheated by induction heating means.

e
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- 23 - 5. A process according to any one of the preceding clains wherein
the tenperature T is from250 to 270°C. 2 6. A process according to C aim
5, wherein the laminate is heated to a tenperature in the r.ange 250 to 270
C and then held above [err] for at |eas?31-second before being quenched. 7.
A process according to Claim6, wherein the lamnate is heated to a _
tenperature of [err] and then_hel d above err% for 2 secopnds before Hei ng
quenched.5g. A PXp SRACERFAUNF LR ARY PRE 8f oFhe PLpceding: Fta1BfAat e

i 5 quencharbrein dilye atehpeirdtune VT, 9is fromr2sesto azzo?ding to Caim 8§,
wherein the |amnate is quenched by imersion in a tank of water or by |iné
quenching with water. 10. A process according to any one of the preceding
cl ai ns, véher eidn pracess yacterdingi tocClaiycs, (Viiorein sthepbaminatefis

et hyl ene tdhal at e ' a oL XgetnéQr ned
from teré%)%%}?i%@a%ig é ?E\Algwgl ggh%ﬁ%g??%ﬁ&égg? oéc)%s?gggoéaél ng %‘3 Claim
10, wher &1914 ALYV 2P cF For 2t oberghel ForeRd bebpre SebA¥hal i ¢ acid,

et hyl ene giers¢ehednd cycl ohexane-dimet hanol. 12. A process according to
Claim 10, wherein the nole ratio of ethylene terephthalate to ethyl ene

| sophthal ate is 80:20. 13. A process according to any one of the preceding
cl ai ms, \her eiZdn phecess cactoyading Ay Clabmak avhereincthedlaminate is

heated to a temperature of 250°C, and then held above
240° for 2 seconds before being quenched.

8. A process according to Claims 6 or 7, wherein the W/
laminate is quenched rapidly and uniformly. i

9. A process according to Claim 8, wherein the laminate is
quenched by immersion in a tank of water or by line quenching
with water.

10. A process according to any one of the preceding clainms,
wherein the polyester of inner layer (Al) is a copolymer of
ethylene terephthalate and ethylene isophthalate, or a
copolymer formed from terephthalic acid and two alcohois.

11. A process according to Claim 10, wherein the polyester is
a copolymer formed from terephthalic acid, ethylene glycol and \/
cyclohexane-dimethanol.

12. A process according to Claim 10, wherein the mole ratio
of ethylene terephthalate to ethylene isophthalate is 80:20.

13. A process according to any one of the preceding claims,
wherein the outer layer (A2) is biaxially oriented ;
polyethylene terephthalate.

A



pol yet hyl ene t'erephthal ate. * . - 24 - .14. A process according to Caim 13,
wherein the polyester filmof outer |ayer {(A2) has a crystallinity of from
40 to 50% 15. A process according to any one of the preceding clains,
wherein the nmetal sheet is electrolytically 2from umcoated steel with a
dual layer of chrom um netal -and chrom um oxi de. "16. A process according to
Clainllaégbstantially as hereinbefore described with reference to the
Exanpl es17. 144 aft (REQKLTR(AFCIFRAERT FR felR1m obi ai TREF SN the Rekyesker
claimed in angiine of duteP Topsht N(AZ) Has . a lFryfta LNt o fiefvém Shecto
havi ng a polygﬁi filmadhered to each of its major surfaces, the pol yner
films having eéﬁ adhered to the netal sheet. by sinultaneous thermal

| anj nation, the polyner film adhered to each maj or surface of the netal

sheet being a 1apnpPGgi i 1My L) L Si g ' €Ly
of a subst ant ilgﬁ)'l yﬁ%ﬁ%%%%ﬁ%éﬁfegé ao rgé}g% Zé?%%@?n%%@é%#ﬁné%\éﬁhg'

poi nt - bel ow [ ¥heredny thedretal sheet %%d%ﬁeT olyhigably shreriym Serted

outer layer (Adecd withaxidhdy Idyéertéef ¢hremiufohees]l cind avhrémtulitbkidé.
poi nt above 250C. 19. A lam nated netal sheet according to C aim 18,

wherein the polyester of inner layer (Al) is a copolyner of ethylene
t er epht hal at e X6 & Iptecess sapdotding eto oClaimohosystanbiaklly as

hereinbefore described with reference to the Examples.

17. A laminated metal sheet whenever obtained by a process as
W’ claimed in any one of the preceding claims.

18. A laminated metal sheet having a polymer film adhered to
each of its major surfaces, the polymer films having been
adhered to the metal sheet by simultaneous thermal lamination,
the polymer film adhered to each major surface of the metal
sheet being a composite polyester film (A) cdmprising an
inner layer (Al) of a substantially non-crystalline linear
polyester having a softening point below 200°c and a melting
point above 150°¢ but below 250°C and an outer layer (A2)

of a biaxially oriented linear polyester having a melting
point above 250°¢.

— 19. A laminated metal sheet according to Claim 18, wherein
the polyester of inner layer (Al) is a copolymer of ethylene
terephthalate and ethylene isophthalate, or a copolymer formed
from terephthalic acid and two alcohols.

20. A laminated metal sheet according to Claim 19, wherein
_ the polyester is a copolymer formed from teraphthalic acid,
3 ) ethylene glycol and cyclohexane-dimethanol.

) )



fromterephthalic acid and two al cohols,.20. A lamnated netal sheet
according to Claim 19, wherein the polyester is a copolyner fornmed from

teraphthalic acid, ethylene glycol and cycl ohexane-di net hanol . - 25 -
.21. A lamnated netal sheet accordi-n@8c-Claim19, wherein the nole ratio .

of ethyl ene terephthalate to ethylene isophthalate is 80:20. 22. A

| ami nat ed metal sheet according to any one of Clainms 18 to 21, wher ei ni t he

outer |agdr (A2)lamingted metalosheate@qeAnAng |toChaskm ol hathareiny A

| ami nat eéh@ewleswlawréhmé& A1 21t é&;{%&z wherein the ..

nmetal sheet is_electral tlcaIIy chrom um coat ed st eel a dual |ayer of %
chron1un3ﬁ€PQFhﬁ¥§ Fﬁ%\ 2B de. 24. A laminated metal sheet according tGc.

Claim 18 substantially as here|nbefore descrlbed mnth reference to the

Exampl es, . 25. ,A 3 G r_whepe f d

Froma | A nafod My e e R Soofiify 530 ' Snd BE R ipS ¥
to 21, wherein the outer layer (A2) is biaxially orlented
polyethylene terephthalate. '

23. A laminated metal sheet according to any one of Claims 18
to 22, wherein the metal sheet is electrolytically chromium
coated steel with a dual layer of chromium metal and chromium

oxide.

/
24. A laminated metal sheet according to Claim 18
substantially as hereinbefore descrlbed with reference to the
Examples.
25. A container or a component for a container whenever
formed from a laminated metal sheet as claimed in any one of
Claims 17 to 24.
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