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ABSTRACT OF THE DISCLOSURE

A triple layered thermoplastic resin laminated metal sheet for
a can stock having excellent flavour retention of packed foods and
drinks, excellent formability, excellent adhesion of the thus
laminated resin layer to a metal sheet and excellent denting

resistance, particularly excellent denting resistance at a 1low

temperature, which comprises formation of a triple 1layered

hydrated chromium oxide and a lower layer of metallic chromium by

using conventional film laminating, extrusion coating or the

combination of these techniques.
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METAL SHEET LAMINATED WITH TRIPLE LAYERED THERMOPLASTIC
RESIN AND A METHOD FOR PRODUCING SAME

The present invention relates to a metal sheet
laminated with a triple layered thermoplastic resin
wherein a polycarbonate layer 1is sandwiched between
polyester resin inner and outer layers Dby using
conventional film laminating techniques, extrusion
coating techniques and a combination of such techniques.

Recently, direct lamination of a thermoplastic
resin film to a metal sheet such as electrotinplate, tin
free steel (TFS) and aluminum sheet has been attempted
instead of lacquer coating, with the intention to prevent
environmental pollution caused by discharge of solvent
during curing the coated lacquer and decrease energy
costs. For example, U.S. Patent No. 4,517,255 describes
such a process.

In particular, U.S. Patent No. 4,517,255
relates to a process for lamination of a crystalline
polyester resin film to a metal sheet heated to a
temperature of the melting point of the employed
polyester resin and thereafter immediately quenching the
laminate. The laminate according to this patent has been
used for can stock such as drawn cans, can ends and five
gallon cans because the laminated crystalline polyester
resin film is sufficiently adhered to the metal sheet by
an amorphous non-oriented polyester resin layer which 1is
formed at the 1interface of the crystalline‘ polyester
resin film and the metal sheet as a result of the heating
step. This laminate can be formed to a draWn and 1roned
can and a drawn and stretch formed can wherein more
severe formability i1is required, if almost all of the
laminated polyester resin film changes to an amorphous
non-oriented state. However, the corrosion resistance 1n
the formed part of the laminate becomes poor by this

change of the laminated polyester resin film.
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In order to improve the formability of the
laminate described above, a copolyester resin film
laminated metal sheet for a drawn and stretch formed can
has been proposed, which comprises a 0.01 to 0.15 planar
orientation coefficient 1in the outermost 1layer of the
laminated polyester resin film and a 0 to 0.10 planar
orientation coefficient 1n the polyester resin lavyer
contacting with the surface of a metal sheet after
lamination of copolyester resin film to the metal sheet.
Presently, the laminate 1is used for a drawn and stretch
formed can which 1s treated with hot steam having a
temperature of 120 to 130°C 1n a retort after packing
drinks such as green tea, black tea or coffee drink. This
lamlinate can also be used for a drawn and stretch formed
can packed with more corrosive foods and drinks, i1f the
cans are produced and packed under normal conditions,
i.e., conditions under which dents do not arise during
production, packing or transport. However, some dents may
arise 1n parts of the can body and can bottom by impact
with other cans 1in the can making process or the
transporting process after packing foods and drinks. The
parts of the inside of the can body and the can bottom by
impacts from the outside of the can body can become
locally corroded, due to cracks arising in the laminated
copolyester resin film.

Therefore, this laminate cannot be used for
drawn and stretch formed cans in which severely corrosive
foods and drinks are packed, i1f the cans may be subjected
to denting during production, packing or transport.

In order to solve the pfoblem described above,
a polyester resin film laminated metal sheet has been
developed. This laminate 1is able to solve the problem
described above. However, the laminate cannot be used for
a drawn and stretch formed can in which which carbonate
beverages having severe corrosivity are packed at

temperatures below about 5°C, as many cracks arise in the
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laminated polyester resin film on the inside of the can
body by the impact of cans against each other 1in the
transporting process after packing the beverage at low
temperature. The laminates do not have good resistance to
denting at low temperatures.

Furthermore, in the production of these
laminates, it is necessary that the set temperature 1n
laminating the polyester resin film 1s controlled within
a narrow range, because it is otherwise 1impossible to
obtain a laminate having satisfactory characteristics
required for drawn and stretch formed cans.

Recently, it has been proposed that all of
these problems can be solved by the formation of a double
thermoplastic resin layer consisting of an outer layer of
polycarbonate resin and an inner layer of polyester resin
on a metal sheet. Certainly, such a laminate has
excellent characteristics which can be applied for a
drawn and stretch formed can and other can stock.
However, it was recently found that the flavour of foods
and drinks packed in the can produced by this laminate
change slightly during storage by adsorption of some
composition of foods and drinks to the laminated
polycarbonate resin outer layer contacting directly with
foods and drinks.

Accordingly, 1t 1is a primary object of the
present invention to provide a thermoplastilic resin
laminated metal sheet having excellent flavour retention
of packed foods and drinks, excellent formability,
excellent adhesion of the laminated resin layer to a
metal sheet, excellent denting resistance, particularly

excellent
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denting resistance at low temperatures which is required for can
stock, especially for drawn and stretch formed cans and drawn and

ironed cans, in which severely corrosive drinks are packed at low

temperatures after severe forming.

It is another primary object of this invention is to provide

a method for the continuous production of such a thermoplastic

resin laminated metal sheet under such conditions which avoid

severe control of the laminating temperature.

can be

One method is the

according to the present invention. The other method is the

formation of the triple layers of thermoplastic resin described

above on a metal sheet which has been heated to Tg+30 C to Tm,+150°C

in the application of extrusion coating technique, where Tq is the

Therefore, 1in accordance with this invention there is
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provided a laminate comprising a metal sheet or metal
strip having one or both sides laminated with a triple
layer of thermoplastic resin having outer and 1inner
layers comprising a polyester resin having recurring

units of formula (I):

O
[ ﬁ
-0-R;-0-C-R,-C- (I)

wherein R; represents an alkylene group having 2 to 6
carpbon atoms and R,; represents an alkylene or arylene
group having 2 to 24 carbon atoms, and a middle layer
sandwiched between the polyester outer and inner layers
and comprising a polycarbonate resin having recurring

units of formula (II) :

I

-0-R53-0-C- (II)

wherein R; represents an aliphatic hydrocarbon having 2
to 10 carbon atoms or an aromatic hydrocarbon having 6 to
18 carbon atoms.

The present invention also provides, 1n another
aspect thereof, a method for producing a laminate as
defined above, which comprises the steps of:

a) heating a metal sheet to a temperature of
Tm; to Tm;+150°C, where Tm; 1s the melting temperature of
the polyester resin for the i1nner layer 1n the laminate
defined above;

b) laminating a triple layered thermoplastic
resin film having outer and inner layers comprising a

polyester resin having recurring units of the formula (I)
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defined above and a middle layer sandwiched between the
polyester outer and 1nner layers and comprising a
polycarbonate resin having recurring units of the formula
(II) defined above, on the heated metal sheet; and

c) thereafter quenching the laminate obtailned
in step (b).

The above triple layered thermoplastic resin
laminated metal sheet can be used for applications 1in
which severe formability, excellent corrosion reslistance
after forming and excellent flavour retention of packed
foods and drinks are required, such as deeply drawn cans
formed by multiple drawing, drawn and stretch formed
cans, drawn and 1ironed cans, and can ends wherein a tab
for easy opening 1s attached. This laminate is
particularly suitable for a carbonate beverage can 1n
which excellent denting resistance at a low temperature
and excellent corrosion resistance are required, even 1if
such cans are produced or transported continuously 1n a
can makiling process and beverage packing process under
abnormal conditions. Furthermore, this laminate can be
also used for adhesived can bodies with or without
adhesive, or weldable can bodies by stripe laminating
except weldable parts.

The present 1invention 1is further explained by

the following.
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discussion of preferred embodiments inclusive of examples, which is.

to be understood as only intended as illustrative in nature and to

'in no way limit the scope and/or spirit of the claims and/or

specification.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A polyester resin which forms an inner layer and an outer
layer in the laminate according to the present invention consists
of recurring units represented by the following general formula
(1).

O O
1 I
~0-R;-0-C-R,~C- Formula (1)

wherein.RH stands fdr an alkylene group having 2 to 6 carbon atoms
and R, stands for an alkylene group or arylene group having 2 to 24
carbon atoms.

It has been surprisingly and unexpectedly found that in the
laminate according to the present invehtion, the presence of the
polyester resin outer layer is indispensable due to its noticeable
prevention of the adsorption of some combositions present in

materials such as foods and drinks which are packed into a can

formed by the laminate to the polycarbonate resin layer. As the
result, the laminate according to the present invention maintains

an excellent flavour retention of the packed foods and drinks.

-] -
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Preferable examples of the polyester resin described in (1)
for the outer 1layer in the laminate according to the present
invention include ©polyethylene terephthalate, - polyethylene
terephthalate/isophthalate copolyester from the staﬁdpoint of the
desired quality of adhesion to the polycarbonate resin layer and
the flavour retentio'n qualities of packed foods and dfinks.
Furthermore, it is preferable to use a biaxially oriented polyester
resin film and to keep the biaxial oriented structure in the
polyester resin outer layer after lamination to the metal sheet
from the standpoint of barrier of the laminated layer to the packed
foods and drinks and providing a denting resistance. As the

result, the laminate according to the present invention can be

easily applied for can stock wherein severe corrosion resistance

and excellent denting resistance are required.

The degree of the biaxial orientation in the employed
polyester resin film and the laminated polyester resin film is
represented by the planar orientation coefficieﬁt which is
calculated by the following equation (1) from refractive indexes

measured via a polarized monochromatic 1light in Abbe’s

refractometer.

Ns = (A+B)/2 -~ C Equation (1)

where, Ns represents the planar orientation coefficient of the

‘biaxially oriented polyester resin film before or after lamination.

...8._
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"A" represents the refractive index in the 1lengthwise
direction of the biaxially oriented polyester resin film before or
after lamination.

"B" represents the refractive 1index in the widthwise

direction of the biaxially oriented polyester resin film before or

after lamination.

"C" represents the refractive index in the thickness

direction of the biaxially oriented polyester resin film before or

after lamination.

In order to obtain the effect of the biaxial orientation of
the polyester outer lavyer déscribed above, 1t is preferable to
control the planar orientation coefficient of the polyester resin
outer layer in the range of about 0.03 to about 0.12. If the
planar orientation coefficient is less than about 0.03, the effect
of the biaxial orientation described above is remarkably
decreased. On the other hand, if the ©planar orientation
coefficient is much ‘more than about 0.12, the formability of the
laminate becomes noticeably poor. As the result, the laminate can
not be used for applications such as drawn and stretch formed cans
and drawn ironed cans in which severe formability is required.

The degree of the biaxial orientation in the polyester resin
film used for the outer layer in the laminate according to the

present invention usually decreases by the lamination to the metal

sheet, although it depends on the laminating conditions such as the

temperature of the metal sheet to be laminated, the surface

- Q -
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temperature of the laminating rolls and the elapsed
time until gquenching the laminate. Generally, if
the temperature of the heated metal sheet and the
surface temperature of .the laminating rolls are
higher, the planar orientation coefficient of the
laminated polyester outer layer becomes a lower
value. Although the planar orientation coefficient
of the employed polyester resin film for the outer
layer of the laminate according to the present

invention should be determined by the laminating

conditions described above, generally the biaxially
oriented polyester resin film having about 0.10 to
about 0.15 of the planar orientation coefficient is
used.

The presence of the polyester resin inner
layer 1n the laminate according to the present
invention is indispensable in order to maintain the

desired excellent adhesion of the laminated layer to

the metal sheet even after severe forming. That 1is,

the polyester 1nner layer acts as an adhesive
between the polycarbonate middle layer and the metal
sheet. As set forth above, the polyester resin for
the 1nner layer 1n the 1laminate according to the
present 1nvention 1s selected from the polyester
resin described 1in the formula (1) and it 1is
preferable that a polyester resin be employed which
is selected from the group consisting of
polyethylene terephthalate, a COpolyéster resin
having mailnly recurring units of ethylene
terephthalate, a copolyester resin having mainly

recurring units of butylene

- 10 -~
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terephthalate and a blend thereof.

It has also been unexpectedly and surprisingly found' in
accordance with this invention that the presence of a polycarbonate
resin middle layer which 1is sandwiched between polyester resin
outei‘ and inner layers in the laminate is also indispensable in

order to assure the desired denting resistance, particularly
denting resistance at a low temperature, of the laminate. The

employed polycarbonate resin consists of recurring  units

represented by the following formula (2):

I
~0-R;~0-C~ Formula (2)

wherein R; stands for an aliphatic hydroéarbon having 2 to 10
carbon atoms or an aromatic hydrocarbon having 6 to 18 carbon
atoms. The polycarbonate resin is preferably selected from an
aromatic polycarbonate resin such as poly dihydroxy 2, 2 propane
carbonate (Bisphenol A polycarbonate), poly dihydroxy diphenyl
methane carbonate, poly dihydroxy diphenyl ethane carbonate, poly
dihydroxy 2, 2 butane carbonate, poly dihydr.oxy diphenyl 2, 2
pentane carbonate, poly dihydroxy 3, 3 pentane carbonate, and poly

dihydroxy diphenyl 2, 2 hexane carbonate.

An aliphatic polycarbonate resin can be used for applications

in which severe formability is required but excellent heat

- 11 -
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resistance and excellent retortability are not required, because
such a polycarbonate resin does not have the desired excellent heat
resistance. From the standpoint of heat resistance, formability

and economy, bisphenol A polycarbonate resin is most preferable for
the present invention. Further, the mechanical properties of the

employed polycarbonate resin are also an important factor from the

standpoint of formability and denting resistance of the obtained

laminate.

Specifically, it is preferable that an elongation at break of

the polycarbonate resin is above about 70% measured under the

conditions of ASTM D638. If a polycarbonate resin having even
below about-70% of an elongation at break is used in the present
invention, many cracks may arise in the laminated polycarbonate
resin layer in addition to the polyester resin outer and inner

layers of the laminate after severe forming or denting by impact.
That 1s, the formability and denting resistance of the

polycarbonate resin can become noticeably poor by a decrease in

elongation at break.

“

As described above, the presence of each resin layer is
indispensable in the laminate according to the present invention,

in that one or more weak points in the characteristics of each

resin layer 1is covered . + + by corresponding desirable

characteristics of the other resin layers. That is, the adsorption
of some compositions of packed foods and drinks is prevented by the

presence of the polyester resin outer layer, particularly the

- 12 -
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denting resistance. The denting resistance, however, is remarkably

. lnner layer, although this layer does not have the desired

excellent denting resistance.
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properties of the metal sheet to the laminated polyester resin

inner layver, it is preferable that the metal sheet is covered with
a single layer of hydrated chromium oxide or a double layer

consisting of a lower layer of metallic chromium and an upper layer
5 of hydrated chromium oxide. Particularly, the use of TFS is most

preferable in the present'invention.

The amount of plated tin, nickel and zinc on the steel sheet
is preferably below about 3.0 g/m°, respectively, for reasons of
‘economy. However, if the amount of plated tin, nickel and zinc is
below about 0.05 g/m®, respectively, the effect of the plated tin,

10 nickel and zinc on the corrosion resistance to the packed foods and

drinks 1s hardly apparent, despite the addition of a further

plating process.

As described above, it is an important factor in the present
invention that the employed metal sheet is covered with a single
15 layer of hydrated chromium oxide or a double layer consisting of a
lower layer of metallic chromium and an upper layer of hydrated
chromium oxide 1in order to obtain excellent adhesion of the

laminated resin layer to the metal sheet, particularly after severe

forming such as drawn and stretch formed cans and drawn and ironed

20 cans.
The preferred amount of hydrated chromium oxide as chromiun is

about 3 to about 30 mg/m? in the single layer or the double lavyer.

The preferred amount of metallic chromium in the double layer is

- 14 -~
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about 10 to about 200 mg/mé. If the amount of hydrated chromium

oxide as chromium is below about 3 mg/m? or above about 30 mg/m?,
the adhesion of the laminated resin layer tb the metal sheet may
become pdor after severe forming even if the amount of metallic
chromium 1is about' 10 to about 200 mg/mz', particularly if the
laminate is exposed to hot steam in a retort after packihg foods
and drinks. It is preferable that the deposition of metallic
chromium improves the adhesion of the laminated resin layer to the
metal sheet and the corrosion resistance of the obtained laminate.

However, the deposition of metallic chromium above about 200 mg,/m?

is unnecessary in the present invention, because the corrosion

resistance is not substantially improved, even if metallic chromium

above about 200 mg/m® is deposited.

It is preferable to produce the laminate according to the
present invention by the following methods, although the laminate

can be produced by conventional film laminating techniques,

extrusion coating techniques or the combination thereof.

‘ﬂ

(1) A triple layered resin film wherein a polycarbonate resin
layer is sandwiched between polyester resin outer and inner layers
is laminated on one or both sides of a metal sheet which has been
heated to a temperature of Tm; to Tm+150°C, where Tm, is the
melting temperature of the polyeéter resin fbr the inner layer in
the laminate according to the present invention, and then the

laminate is rapidly or gradually quenched.

_15...
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(2) A coextruded triple layered resin wherein a polycarbonate
resin layer 1s sandwiched between polyester resin outer and inner
layers 1s coated on one or both sides of a metal sheet which has
been heated to Tg+30°C to Tm+150°C, where Tg is the glass
transition temperature of the polyester resin for the inner layer
in the laminate according to the present invention, and then the
laminate 1s rapidly or gradually quenched.

(3) A double layered resin film consisting of a polycarbonate

resin layer and a polyester resin layer is laminated on one or both

sides of a metal sheet which has been heated to a temperature of

Tm, to Tm,+150°C, in the state that said polyester resin layer

contacts with said metal sheet. After that, a polyester resin film

is laminated on the surface of the obtained laminate having a
surface temperature of Tm, to Tm,+150°C, where Tm, 1is the melting
temperature of the polyester resin for the outer layer in the

laminate according to the present invention, and then the laminate'

is rapidly or gradually quenched.

(4) A polyester resin film is laminated on one or both sides

of a metal sheet which has been heated to a temperature of Tm, to

Tm,+150°C. After that, a double layered resin film conSisting of
a polycarbonate resin 1layer and a polyester resin layer 1is
laminated on the obtained laminate having a surface temperature of

Tm, to Tm,+150°C, 1n the state that said polycarbonate resin layer
with the surface of the obtained laminate, and then the laminate is

rapidly or gradually quenched.

- 16 -
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(5) An extruded polvester resin is coated
on one or both sides of a metal sheet which has been
heated to a temperature of Tg+30°C to Tmp+150°C.
After that, a double layered resin film consisting

of a polycarbonate resin layer and a polyester resin
layer 1is laminated on the surface of the obtained
laminate having a surface temperature of Tmj to
Tm1+150°C, in the state that said polycarbonate
resin layer contacts with the surface of the
obtained laminate, and then the laminate is rapidly

or gradually quénched. .

' In the production of the laminate
according to the 'present 1nvention by the film
laminating technique, it 1s important to heat the
metal sheet to a temperature above melting
Cemperature of the polyester resin film contacting
with said metal sheet in order to obtain excellent

adhesion of the laminated resin film to the metal

sheet. However 1n the production of the laminate

according to the present invention by extrusion
coating technique, excellent adhesion of  the
laminated resin to the metal sheet is obtained by

heating the metal sheet to a temperature above the

glass transition temperature, because the polyester

resin to be coated 1s sufficiently melted. Further,
it 1s necessary that the surface temperature of the
laminate having the polycarbonate resin outer layer
should be kept to a temperature above Tmy, in order
to obtain excellent adhesion of the laminated
polyester resin film to the surface of the
polycarbonate resin laver. |

In above descriptions (1) to (5), Tmy and
Tmo> represent the melting temperature of the
employéd polyester resin for the inner

....17.-
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and outer layers, respectively, which exhibit an endothermic peak
in an ordinary differential thermal analysis run at heating rate of
10°C/min. In blended polyester résin, two endothermic peaks are
usually observed. In this case, the endothermic peak at higher
temperature is generally used as the melting temperature of the
employed polyester resin.

In these methods, amorphous non-oriented, monoa~xially or
biaxially oriented resin film is used for the outer layer and the
inner layer in the laminate according to the present invention.
However, in the use of monoaxiallylor biaxially oriented polyester
resin film for the inner layer at least some parts of the laminated

polyester inner layer contacting with the metal sheet should be
changed to a non-oriented amorphous structure or fine crystallized
structure from the monoaxially or blaxially oriented structure

after lamination to the metal sheet in order to obtain the desired
excellent adhesion of the laminated resin layer to the metal sheet.

In these methods, it is not preferable that the metal sheet is
maintained in a temperature above Tm+150°C or Tm, + 150°C until
quenching the laminate from the lamination, because the adhesion of
the laminated resin layer to the metal sheet and thé formability of
the laminate becomes poor by the deterioration of the laminated
resin film by heating. Further, the surface of the laminated

polyester resin outer layer may be tacked with the laminating roll
by melting of the 1laminated polyester resin outer layer.

Therefore, the laminating conditions such as the temperature of the

...]_8....
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heated metal sheet, the surface temperature of the laminating roll,
and the elapsed time until quenching the laminate after lamination
should be determined by the characteristics of the employed
polyester resin for the outer layer and the inner layer, as well as
the method for forming, and the use of the laminate.

The method for heating the metal sheet is not critical‘tﬁ'the
present invention. However, from the standpoint of the continuous
and stable production of the laminate at high speed, conduction
heating by rolls heated by induction heating, induction heating
and/or resistance heating are suitable as a method for heating the
metal shéet, because the metal sheet can be rapidly heated and the
temperature of the heated metal sheet can be easily controlled.

Furthermore, it 1s also preferable in the present invention
that heating with rolls heated by hot steam or heating in an

electric oven can be used as auxiliary methods for preheating the
metal sheet to be laminated.
In the method for producing the laminate according to the

present invention, whether the laminate is gradually quenched or

rapidly quenched is selected by the composition and the state of
the polyester resin for the inner layer of the laminate, the
characteristics réquired in the obtained laminate, and the
laminating conditions and the method for forming the obtained
laminate.

The present invention can be applied for the production of the

laminate whereiln one side of the metal sheet is laminated with the

- 19 -~




10

15

20

CA 02108728 1998-12-03

triple layered resin film by the application of the methods

described above and the other side of’the metal sheet is laminated
with other material such as polyolefin resin and polyamide resin.

In the method described above, the polyolefin resin is
selected from the group consisting of. polypropylene having a
bonding resin, a low dens:Lty polyethylene, a medium density
polyethylene and a high density polyethylene. The‘polyamide resin

is selected from the group consisting of nylon 6, nylon 66, nylon

11 and nylon 12 having a bonding resin.

The present invention is explained in further detall by the

following examples.

outer and inner layers consisting of polyethylene

terephthalate/isophthalate Copolyester was produced

condensation polymerization of 100 mole ¥ of ethylene glycol and

10 um, thickness of polyester inner layer: 5 um, planar
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strip having a thickness of 0.26 mm, a width of 250 mm and a temper
of T-5 (metallic chromium : 105 mg/m°, hydrated chromium oxide : 17

mg/m® as chromium) which had been heated to 255°C by using rolls

heated by 1induction heating. After that, the 1laminate was

immediately quenched in water.

Example 2

A non-oriented polyester resin film consisting of 50 weight %
of polyethylene terephthalate and 50 weight % of polybutylene

terephthalate (thickness : 7 um, melting temperature : 252°C) was
laminated by using a pair of laminating rolls having a surface
temperaturé of 90°C on both sides of electrolytically treated
aluminum strip having a thickness of 0.26 mm and a width of 250 mm
(metallic chromium : 20 mg/m?, hydrated chromium oxide : 8 mg/m® as
chromium).which had been heated to 270°C by using rolls heated by
induction heating. After 3 seconds, a non-oriented double layeréd
resin film consisting of bisphenol A polycarbonate layer for the
middle layer having a thickness of 7 um and polyester resin layer
for the outer layer having the same composition as in Example 1 and
a thickness of 8 um was laminated by using a pair of laminating
rolls having a surface temperature of 90°C on said polyester resin
laminated aluminum strip having a surface temperature of 262°C
under the conditions where the polycarbonate resin layer contacted

said polyester resin laminated aluminum strip. The obtained

laminate was quenched in water after 2 seconds.

_21_
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Example 3

A non-oriented double layered resin film consisting of
bisphenol A polycarbonate having a thickness of 5 um and an
elongation at break of 125% and a polyester resin layer consisting
of 50 weight % of polyethylene terephtha’l'ate and 50 weight % of
polybutylene terephthalate having a thickness of 10 um ‘and a
melting temperature of "252°C was laminated by using a pair of
laminating rolls having é surface temperature of 120°C on both
sides of the same TFS strip as in Example 1 under the conditions
wherein the polyester resin layer contacted the TFS strip which had
been heated to 285°C by using rolls heated by induction heating.
After 2 seconds, a biaxially oriented polyethylene terephthalate
film having a thickness of 12 um, a melting temperature of 256°C
and a planar orientation coefficient of 0.14 was laminated by using
a pair of laminating rolls having a surface temperature 100° on
said double layered resin film laminated TFS strip having a surface

temperature of 276°C and then the obtained laminate was quenched in

water after 1 second. .

Example 4

A Dblended polyester resin consisting of 50 weight % of
polyethylene terephthalate and 50 weight % of polybutylene
terephthalate (melting temperature : 252°C) melted at a temperature

of 280°C was laminated at a thickness of 10 um by an extrusion

....22...
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coating method on both sides of TFS strip having a
thickness of 0.26 mm, a width of 250 mm and a temper of
T-5 (metallic chromium: 85 mg/m?Z, hydrated chromium
oxide: 23 mg/m2 as chromium) which had been heated to
270°C by using rolls heated by induction heating.
After 3 seconds, a biaxially oriented double layered
resin film consisting of bisphenol A polycarbonate
layer for the middle layer having an elongation at
break of 125% and a thickness of 5 um, and polyethylene
terephthalate/isophthalate copolyester resin layer for
the outer layer produced by a condensation
polymerization of 100 mole % of ethylene glycol and
dicarboxylic acid <consisting of 94 mole & of
terephthalic acid and 6 mole % of isophthalic acid
(thickness: 8 pm, planar orientation coefficient: 0.11)
was laminated by using a pair of laminating rolls
having a surface temperature of 95°C on said blended
polyester resin laminated TFS strip having a surface
temperature of 262°C and then the obtained laminate was
immediately quenched in water.

Example 5

A cold rolled steel strip having a thickness
of 0.26 mm, a width of 250 mm and a temper of T-5 was
electrolytically degreased and then pickled under known
conditions. The steel strip, after rinsing with water,
was electroplated with 1.5 g/m2 of tin by using a
tinplating electrolyte consisting of 80 g/1 of stannous
sulfate,

_23...
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60 g/1 of phenolsulfonic acid (65% solution) and 0.06 g/l of
ethoxylated a—-naphthol in water under 20 A/dm® of cathodic current
density at an electrolyte temperature of 45°C. After rinsing with

water, TFS film (metallic chromium : 70 mg/m?, hydrated chromium
5 oxide : 13 mg/m® as chromium) was formed by cathodic treatment on
both sides of the tin plated steel strip by using an eleCtrolyte
consisting of 50 g/llof chromic aclid and 0.5 g/l of sulfuric acig
in water under 40 A/dm® of cathodic current density at;. an

~electrolyte temperature of 50°C. The thus treated tin plated steel

10 strip was rinsed with hot water and dried.

A coextruded resin having triple layer which was heated to
290°C consisting of the same coﬁpésition and the same thickness as
in Example 1 was laminated on both sides of the tin plated steel
strip which had been heated to 218°C and then the laminate was

15 immediately quenched in water.
Comparative Example 1

A non-oriented bisphenol A polycarbonate film having a
thickness of 20 um was laminated on both sides of the same TFS
strip as in Example 1 which had been heated to 300°C, and then thé

20 laminate was immediately quenched in water.

Comparative Example 2

A biaxially oriented polyethylene terephthalate/isophthalate

copolyester resin film produced by a condensation polymerization of

._24...
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100 mole¥ of ethylene glycdl and dicarboxylic acid consisting of 88
moley¥ of terephthalic acid and 12 mole% of isophthalic acid
(thickness : 22 um, melting temperature : 228°C, planar orientation
coefficient : 0.14) was laminated by using a pair of laminating
rolls having a surface temperature of 90°C on both sides ofﬁthe
same TFS strip as in Example 1 which had been heated to 260°C by

using rolls heated by induction heating, and then the laminate was

immediately quenched in water.

Comparative Example 3

A biaxially oriented double layered resin film consisting of
a bisphenol A outer layer having the same as in the middle layer of

Example 1 and copolyester resin inner layer having the same

layer 1in Example 1 under the same conditions as in Example 1.

After 2 seconds, the laminate was quenched 1in water}

il
it

The resulting laminate was formed to a drawn and stretch

formed can under the following conditions:
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Forming conditions

A. Drawing process

Diameter of circular blank : 187 mm

Drawing ratio : 1.50
B. Redrawing process
First redrawing ratio : 1.29

Second redrawing ratio : 1.24

Third redrawing ratio : 1.20

Curvature radius in a corner of dies used for redrawing

process : 0.4 mm

Load for preventing wrinkle : 6000 kg

C. Average ratio of a thickness of metal sheet in can body

to can end : -20%

The characteristics of the drawn and stretch formed can

obtained under the conditions described above was evaluated by the

following testing methods. The results are shown in the Table

below.

il

(1) Adhesion of the laminated resin layer after forming

The adhesion of the laminated resin layer to the metal sheet

was evaluated by the degree of the peeling off of the resin layer

in a cup obtained in each redrawing process by naked evye.

(2) Flavour retention of drinks

Fanta Orange produced by The Coca Cola Co. was packed in the

.....26_..
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obtained drawn and stretch formed can. The flavour of the packed

Fanta Orange after storage for 3 weeks at 37°C was compared with

that before packing by a panel of 100 persons.

The results of the panel were tabulated in accordance with the

following key:

(3) Denting resistance of the laminate resin film at low

~minutes. After that, the denting resistance in the convex part of

L d

the sample was evaluated by a current value between an anode of

metal exposed through cracks of the laminated resin layer and a

- 27 -
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A laminate comprising a metal sheet or metal

strip having one or both sides laminated with a triple

layer of thermoplastic resin having outer and inner
layers comprising a polyester resin having recurring

units of formula (I):

O
-O-Rl-O-C-Rg-y- (I)

wherein R; represents an alkylene group having 2 to 6
carbon atoms and R, represents an alkylene or arylene
group having 2 to 24 carbon atoms, and a middle layer
sandwiched between said polyester outer and inner layers
and comprising a polycarbonate resin having recurring

units of formula (II):

—O-R;;-O-ﬁ- (II)

wherein R; represents an aliphatic hydrocarbon having 2
to 10 carbon atoms or an aromatic hydrocarbon having 6 to

18 carbon atoms.

2 . A laminate comprising a metal sheet having one
side laminated with a polyolefin resin or a polyamide
resin and the other side laminated with a triple layer of
thermoplastic resin having outer and inner layers
comprising a polyester resin having recurring units of

formula (I) :
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0
1!
-0-Ry-0-C-R,-C- (1)

wherein R; represents an alkylene group having 2 to 6
carbon atoms and R, represents an alkylene or arylene
group having 2 to 24 carbon atoms, and a middle layer
sandwiched between said polyester outer and inner layers
and comprising a polycarbonate resin having recurring

units of formula (II) :

—O-R3-O-Cl- (IT)

wherein R; represents an aliphatic hydrocarbon having 2
to 10 carbon atoms or an aromatic hydrocarbon having 6 to

18 carbon atoms.

3. The laminate according to claim 1 or 2, wherein
the polyester outer layer comprises polyethylene
terephthalate or polyethylene terephthalate/isophthalate

copolyester.

4 . The laminate according to claim 3, wherein the
polyester outer layer 1s a biaxially oriented polyester
resin layer having a planar orientation coefficient of

0.03 to about 0.12 after lamination to the metal sheet.

5. The laminate according to claim 1 or 2, whereiln
the polyester inner layer comprises a polyester resin
selected from the group consisting of polyethylene
terephthalate, a copolyester having recurring units of

ethylene terephthalate, a copolyester having recurring

- 30 -
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units of butylene terephthalate and a blended polyester

thereof.

6. The laminate according to claim 1 or 2, whereiln
the polycarbonate middle layer comprises an aromatic
polycarbonate resin having an elongation at break above

70%.

7. The laminate according to claim 6, wherein the

polycarbonate resin is bisphenol A polycarbonate.

8 . The laminate according to claim 2, wherein the
polyolefin resin is selected from the group consisting of
polypropylene having a bonding resin, a low density
polyethylene, a medium density polyethylene and high
density polyethylene.

9. The laminate according to claim 2, wherein the
polyamide resin is selected from the group consisting of
nylon 6, nylon 66, nylon 11 and nylon 12 having a bonding

resin.

10. The laminate according to claim 1 or 2, wherein
the metal sheet is selected from the group consisting of
a steel sheet, a steel sheet plated with a least tin,

nickel and zinc, and aluminum sheet.

11. The laminate according to claim 10, wherein the
metal sheet is covered with a single layer of hydrated
chromium oxide or a double layer consisting of an upper
layer of hydrated chromium oxide and a lower layer of

metallic chromium.
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12. The laminate according to claim 11, wherein the
amount of hydrated chromium oxide as chromium is 3 to

30 mg/m°.

13. The laminate according to claim 11, wherein the
amount of metallic chromium 1n the double layer is 10 to

200 mg/m-.

14. A method for producing a laminate as defined in
claim 1, which comprises the steps of:

.a) heating a metal sheet to a temperature of
Tm; to Tm+150°C, where Tm; 1s the melting temperature of
the polyester resin for the inner layer in the laminate
defined in claim 1;

b) laminating a triple layered thermoplastic
resin film having outer and inner layers comprising a
polyester resin having recurring units of the formula (I)
defined i1n claim 1 and a middle layer sandwiched between
the polyester outer and inner layers and comprising a
polycarbonate resin having recurring units of the formula
(II) defined in claim 1, on the heated metal sheet; and

c) thereafter quenching the laminate obtained

in step (b).

15. A method for producing a laminate as defined in
claim 1, which comprises the steps of:

a) heating a metal sheet to a temperature of
Tg+30°C to Tm+150°C,wherein Tg and Tm; are the glass
transition temperature and the melting temperature,
respectively, of the polyester resin for the inner layer

1in the laminate defined i1n claim 1;

- 32 -
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b) extrusion coating a triple layered
thermoplastic resin film having outer and inner layers
comprising a polyester resin having recurring units of
the formula (I) defined in claim 1 and a middle layer
sandwiched between the polyester outer and inner layers
and comprising a polycarbonate resin having recurring
units of the formula (II) defined in claim 1, on the
heated metal sheet; and

c) thereafter quenching the laminate obtained

in step (b).

16. A method for producing a laminate as defined in
claim 1 which comprises the steps of:

a) heating a metal sheet to a temperature of
Tm; to Tm+150°C, wherein Tm; 1s the melting temperature
of the polyester resin for the inner 1layer in the
laminate defined in claim 1;

b) laminating a double layered thermoplastic
resin film having a first layer comprising a polyester
resin with recurring units of the formula (I) defined in
claim 1 and a second layer comprising a resin with
recurring units of the formula (II) defined in claim 1,
on the heated metal sheet so that the first layer
contacts the metal sheet;

c) relaminating a film of polyester resin film
having recurring units of the formula (I) defined in
claim 1 on the laminate having a surface temperature of
Tmz- Lo Tmy+150°C, wherein Tm; 1s the melting temperature
of the polyester resin for the outer layer in the
laminate defined in claim 1; and

d) thereafter qgquenching the laminate obtained

in step (c).
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17. A method for producing a laminate as defined in
claim 1, which comprises the steps of:

a) heating a metal sheet to a temperature of
Tm; to Tm;+150°C;

b) laminating a film of polyester resin having
recurring units of the formula (I) filed in claim 1 on
the heated metal sheet;

c) relaminating a double layered thermoplastic
resin film having a first layer comprising a polyester
resin with the recurring units of the formula (I) defined
in claim 1 and a second layer comprising a polycarbonate
resin with recurring units of the formula (II) defined in
claim 1, on the laminate having a surface Cemperature of
Tm; to Tm+150°C so that the second layer contacts said
polyester resin laminated metal sheet; and

d) thereafter quenching the laminate obtained

in step (c).

18. A method for producing a laminate as defined in
claim 1, which comprises the steps of:

a) heating a metal sheet to a Cemperature of
Tg+30°C to Tm1+150°C;

b) extrusion coating a melting polyester resin
having recurring units of the formula (I) defined in
claim 1, on the heated metal sheet ;

c) laminating a double layered thermoplastic
resin film having a first layer comprising a polyester
resin with recurring units of the formula (I) defined in
claim 1, and a second layer comprising a polycarbonate
resin with recurring units of the formula (ITI) defined in

claim 1, on the extrusion coated metal sheet having a

- 34 -
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a4/

surface temperature of about Tm; to Tm;+150°C so that the
second layer contacts said extrusion coated metal sheet;
and

d) thereafter quenching the laminate obtained

in step (c).
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