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(57) Abrege(suite)/Abstract(continued):
formed body, as [0.1 £ d/R =0.25] and [1.5 £ h/ (R - r) = 4]. The laminated steel sheet has a polyester resin layer prepared by

polycondensation of a dicarboxylic acid component and a diol component. The dicarboxylic component has terephthalic acid as
the main ingredient, and the diol component has ethylene glycol and/or butylene glycol as the main ingredient. The quantity of
copolymerizing ingredients Is ranging from 8 to 16% by mole. The plane orientation factor of the resin is 0.06 or less.
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ABSTRACT
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The laminated steel sheet for two-plece can satisfies

the relation of the height h of the final formed body, the

maximum radius r thereof, the minimum radius d thereof, with

the radius R of circular disk, before forming, having the same

weight to that of the final formed body, as [0.1 £ d/R < 0.25]

and [1.5 £ h/(R - r) £ 4]. The laminated steel sheet has a

gr—
aad

polyester resin layer prepared by polycondensation of a

dicarboxylic acid component and a diol component. The

dicarboxylic component has terephthalic acid as the main

ingredient, and the diol component has ethylene glycol and/or

butylene glycol as the main ingredient. The quantity of

copolymerizing ingredients is ranging from 8 to 16% by mole.

The plane orientation factor of the resin is 0.06 or less.
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LAMINATED STEEL SHEET FOR TWO-PIECE CAN, METHOD FOR

MANUFACTURING TWO-PIECE CAN, AND TWO-PIECE LAMINATED CAN

FIELD OF THE INVENTION

The present invention relates to a laminated steel sheet

sultable for manufacturing two-piece can of high strain level,

such as aerosol can, a method for manufacturing two-plece can,

and a two-piece laminated can of high strailn level.

DESCRIPTION OF THE RELATED ARTS

Metal containers of aerosol are largely grouped into
two-pliece can and three-piece can. The two-plece can 1s a can
structured by two segments, namely the can body integrated with

e three-piece can is a can

N

can bottom and the can end. Th
structured by three segments, namely the can body, the top end,
and the bottom end. The two-plece can has no seam (welded part)

so that 1t gives beautiful appearance. However, the two-piece

can generally requires high strain. Since the three-piece can

has the seam, 1t 1is i1nferlior 1n appearance to the two-piece

can. The three-piece can, however, generally reqguires low

strain. Therefore, two-plece can 1s widely used for small
capaclty and high grade goods 1n themarket, and the three-piece
can 1s generally used for large capacity and low price goods'.
The metal base material for aerosol two-piece can
usually adopts expensive and thick aluminum sheet, and rarely

uses steel sheet base material such as i1nexpensive and thin

sheet including tinplate and tin-free steel. The reason is

that, since the aerosol two-piece can requires high strain,

drawing and DI working are difficult to apply, while aluminum
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allows applying impact-molding applicable to soft metallic

materials. Inthis situation, 1f the steel sheet basematerial

such as tinplate and tin-free steel which are 1nexpensive and
high strength even with a thin sheet thickness i1s applicable,

the industrial significance becomes remarkably high.

Although there were many proposals of drawing and DI

working methods of laminated steel sheet, there 1s no proposal

of the method for manufacturing cans such as aerosol two-piece

can of large drawing ratio and high elongation 1n the can height

direction.

For example, Patent Documents 1 to 3 disclose the
working methods for drawing and drawing-ironing for
resin-laminated metal sheet. The strailin level described in

Patent Documents 1 to 3, (drawing ratio in Patent Documents

1 to 3), 1s lower than the range specified by the present

invention. This 1s because Patent Documents 1 to 3 place the
target to beverage cans, food cans, and the like, and beverage
cans and food cans are the cans requilring lower strain than

the range of strain level specified by the present invention.

Patent Documents 2 and 3 describe that, aiming to gain

the prevention of delamination of resin layer and the barrier

property after working, a heat treatment 1s applied during

P

working and/or at an interim stage of working, or at the final

stage. Patent Document 2 uses an orientating thermoplastic
resin, and Patent Document 3 uses a compound of saturated

polyester and l1onomer.

Patent Documents 4 and 5 describes methods of relaxing
internal stress mainly by applying heat treatment at or above

the melting point of the resin, and describe the application
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of heat treatment at a stage after the can-forming. The strain

P

level of the can 1s low suggested by the detail description

gr—tir.

and by the description of examples.

Patent Document 2 proposes heat treatment in order to
relax the 1nternal stress and to enhance the orientation

crystallization, which method has become common to beverage

can and the like. Although Patent Document 2 does not give

P

detall description, the temperature of heat treatment is

presumably at or below the melting point since the orientation

crystallization is accelerated at or below the melting point.

The description and the examples of Patent Document 2 show that

the strain level is lower than the strain level specified by

the present i1nvention.

[Patent Document 1] Examined Japanese Patent Publication

No. 7-106394

[Patent Document 2] Japanese Patent No. 2526725

[Patent Document 3] Japanese Patent Laid-Open No.

2004-148324

[Patent Document 4] Examined Japanese Patent Publication

No. 59-350344

| Patent Document 5] Examined Japanese Patent Publication

No. ©01-226260

The conventional technologies did not propose the
method for manufacturing can such as aerosol two-piece can

using laminated steel sheet applying high strain. To this

P

point, the 1nventors of the present invention fabricated

two-plece cans using laminated steel sheet applying high

strain of the steps of drawing-ironing of the laminated steel
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sheet to form into a shape of cylinder integrated with bottom,

— -

followed by diametral reduction in the vicinity of opening of

the cylinder, and found the occurrence of problems

characteristic to high strain, specifically the problem of

F

delamination and fracture of resin layer. Investigations of

the inventors of the present i1nvention revealed the

effectiveness of the heat treatment 1n gqualitative view.

However, sole heat treatment was not sufficient, and the

P P
p—

delamination of resin layer unavoldably appeared in a zone of

high strain. As a result, simple application of related art
could not solve the problem of delamination of the resin layer.

In addition, there appeared a problem of deterioration of

formability of the resin layer during the forming after the

heat treatment.

SUMMARY OF THE INVENTION

iy

It 1s an object of the present invention to solve the

above problems and to provide a laminated steel sheet for

two-piece can, which prevents delamination and fracture of the
laminate resin layer even when a can of high strain level such
as aerosol two-piece can 1s manufactured, and to provide a
method for manufacturing the two-plece can. An issue of the

present i1nvention 1s to provide a can of high strain level,

such as aerosol two—-pilece can, using the laminated steel sheet.

An important characteristic required to the resin layer

during the high strain forming is thedifficulty in orientation.

Resin likely orients 1n the can height direction owing to the

compressive deformation in the circumferential direction and

to the elongational deformation in the can-height direction.
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An investigation given by the 1nventors of the present
invention revealed that polyethylene terephthalate copolymers
or polybutylene terephthalate copolymers are promising ones for
above high strain forming. The investigation also found that,
for the polyethylene terephthalate copolymers or polybutylene

terephthalate copolymers, specified by the present invention,

smaller gquantity of copolymerization component  causes
generation of more cracks (fractures) 1n parallel with each
other 1n the can-height direction. There was also found that

orientation similarly progressed even for the case of applying

heat treatment to the can after worked. Then, 1t was found
that 1increased quantity of the copolymerization component of
resin specified 1n the present 1nvention solves the above
problems. The present invention has been derived based on the
findings.

The means of the present invention to solve the above

problems are the following.

(1) A method for manufacturing a two-piece can, comprising the

steps of,

multi-stage forming a circular disk of laminated steel

sheet, wherein,

at least one face of the steel sheet 1s coated with a
copolyester resin, which contains at least one diol component
selected from the group consisting of ethylene glycol and
butylene glycol, a dicarboxylic acid component of terephthalic
acid, and 8 to 16 mol% of at least one copolyester component

i

selected from the group consisting of isophthalic acid,

diethylene glycol and cyclohexane diol, wherein



10

15

20

25

30

CA 02617892 2010-09-21

S

the copolyester resin has 0.06 or less of ©plane
orientation factor which 1s defined by the following relation
I, and

heating a formed body which satisfies the following

relations II, V and VI, to t temperature of from 150°C to the

i~

melting point of the copolyester resin at an interim stage of

manufacturing a final formed body of two-pliece can which

satisfies the following relations II to IV:

plane orientation factor (Ns)=(Nx+Ny)/2-Nz...Relation T
whereln the refractive 1indexes are NxX 1in the machine
direction Ny 1in the transverse direction and Nz 1in the

thickness direction of the copolyester resin coated layer

d<r ...Relation IT
0.1<d/R<0.25 . ..Relation III
1.5<h/ (R~r)<4 . ..Relation IV
0.2<d/R<0.5 ...Relation V
1.5<h/ (R-xr)<2.5 ...Relation VI

wherelin R is a radius of a circular disk, before forming,

having the same weight to that of the final formed body, h is

v

a height of a formed body, r is a maximum radius of a formed

body, and d i1s a minimum radius of a formed body.

(2) The method for manufacturing two-piece can according to

(1) wherein the heat treatment 1is carried out two or more

times.

(3) A two-plece laminated can manufactured by the method

according to (1) or (2).
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BRIEF DESCRIPTION OF THE DRAWING

P

FIGURE 1 1llustrates an embodiment of the manufacturing

process of can according to the present 1nvention.

EMBODIMENT FOR CARRYING OUT THE INVENTION

The embodiment for carrying out the present invention and

the reasons of limitations are described below.

FIGURE 1 1llustrates an embodiment of the manufacturing
process of the can according to the present invention, giving
the sequent order of steps of forming a circular blank into a

formed body 1n a shape of cylinder integrated with bottom by

drawing (including DI forming), and of applying diametral
reduction 1n the vicinity of opening of the formed body, thus
obtaining a two-plece can with a diametral reduction part in
the vicinity of the opening.

In FIG. 1, the reference symbol 1 i1s the circular disk
blank (blank sheet)before forming, 2 is the straight wall part
as the base part of the formed body, (in the step D, straight

wall part not being worked by diametral reduction), 3 is the
dome-shaped part, 4 1s the straight wall part at the neck-

shaped portion being worked by diametral reduction, and 5 is
the
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taper-shape part, or the tapered wall part after worked by
diametral reduction.

First, the circular disk blank 1 is subjected to one
or plurality steps of drawing (including DI forming) to form
a formed body in a shape of cylinder integrated with bottom,
having a specified can diameter (radius r: radius of outer face
of can), (Step A). Then, the bottom part of the formed body
is subjected to dome-forming, or to form into an upward convex
shape to form the dome-shaped part 3, (Step B). Further-the
edge of the opening of the formed body is trimmed, (Step C).
Next, the opening of the formed body is subjected to one or
pluralities of stages of diametral reduction to bring the
opening side of the formed body to a specified can diameter,
(radius d: radius of the can outer face), thus obtaining the
desired final formed body (two-piece can). In FIG. 1, the
reference symbol Ry 1s the radius of the circular disk blank
1l before forming, and h, r, and d are the height, the maximum
radius, and the minimum radius of the formed body during forming
or of the final formed body, respectively, and R is the radius
of the circular disk, before forming, having equal weight to

that of the final formed body. According to the manufacturing

process of the two-piece can, Step A gives the maximum radius

equal to the minimum radius, or r = d, while Step D gives r

> d.

The radius R of the circular disk, before forming,
having the same weight to that of the final formed body is
determined based on the measured weight of the final formed
body. That 1s, the weight of the final formed body is measured,

and the size (radius) of the circular disk, before forming,
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having the same weight to the measured weight is determined,

which determined size is used as the radius R of the circular

disk, before forming, having the same weight to that of the

final formed body. The can edge portion is trimmed during the

-

can manufacturing process. Since, however, the radius R of

the circular disk, before forming, having the same weight to

that of the final formed body eliminates the effect of the

trimming, more suitable evaluation of the strain is available.

On the two-piece can which is fabricated by above
drawing (including DI working) and diametral reduction

applying to the circular disk blank, the resin layer is

elongated 1n the height direction and is compressed in the
circumferential direction. Wh.en the strain level is high, the
deformation of resin becomes large,“which leads to fracture
of the resin layer. According to the present invention, the
index of strain level adopts not only the parameter d/R

representing the'degree of compression but also the parameter
[h/(R - r)] relating to the elongation in the can height

direction because the expression of strain level in a high
strain zone needs to consider the elongation in addition to

the drawing.ration That 1s, by specifying the strain level

by both the degree of compression and the degree of elongation,

the degree of deformation of the resin layer is quantified.
By elongation in the height direction and compression in the
circumferential direction, the resin layer tends to delaminate,
thus the elongation in the height direction becomes an
important variable adding to the degree of dompression.

According to the present invention, the strain level

of finally manufactured can (final formed body) is specified
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so0 as the relation of the height h of final formed body, the
maximum radius r thereof, the minimum radius d thereof, and
the radius R of circular disk, before forming, hairing the same
weight to that of the final formed body, to satisfy [0.1 £ d/R
< 0.25] and [1.5 £ h/(R - r) S 4].

As described before, the object of the present invention
is to allow laminated steel sheet to manufacture high strain
level of can which was difficult to be achieved by conventional
technologies. Conventional technologies were difficult to
manufacture high strain level of can that satisfies both the
parameter d/R specifying the degree of compression not higher
than 0.25 and the parameter [h/(R - r)] specifying the degree
of elongatioh not smaller than 1.5 using laminated steel sheet.
Consequently, the present invention specifies the strain level

d/R of the manufacturing can to 0.25 or less, and specifies

[h/(R - r)] to 1.5 or more.
If the strain level is high to give the parameter d/R

specifying the degree of compression not higher than 1.0 or
the parameter [h/ (R - r)] specifying the decji:ee of elongation
exceeding 4, the number of forming stages increases even if
the forming is available, or the sheet elongation reaches the
limit by the progress of work hardening, which causes the sheet
fracture problem. Therefore, the present invention specifies
the strain level of manufacturing can to [0.1 £ d/R] and [h/ (R
- r) <4].

The multiple stage forming as a target of the present
invention is any of drawing, drawing-ironing, diametral
reduction, and combination of them. If the diametral

reduction is included in the working, the size d of the final
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formed body is [r > d]. Tf the diametral reduction is not
included, the size of the final formed body is [r = d], (r and

d are the radius of final formed body).

The present invention specifies the laminated steel
sheet with resin laminate as the metal sheet of base material.

Steel sheet 1s selected as the base metallic material

pecause steel 1s more inexpensive and is superior in economy

to aluminum. The steel sheet can be ordinary tin-free steel
or tinplate. Tin-free steel preferably has a metal chromium

layer of 50 to 200 mg/m2 of surface coating weight and a chromium

oxide layer of 3 to 30 mg/m® of coating welght as metal chromium.

Tinplate preferably has 0.5 to 15 g/m? of plating. The sheet

thickness is not specifically limited, and that in a range from
0.15 to 0.30 mm, for example, is applicable. If no economic
consideration is needed, the technology can simply apply also

to aluminum base material.

An important characteristic required to the resin layer
during the above-described high strain forming is the
difficulty in orientation. Resin likely orients in the can
height direction owing to the compressive deformation in the
circumferential direction and to the elongational deformation

in the can-height direction. An investigation given by the

inventors of the present inventlon found promising resins for
the high strain forming in view of difficulty in orientation,

which resins are prepared by polycondensation of a

dicarboxylic acid component with a diol component, wherein the
dicarboxylic acid component has terephthalic acid as the main
ingredient and contains or does not contain isophthalic acid

as other copolymerization ingredient, and the diol component
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has ethylene glycol and/or butylene glycol as the main
ingredient and contains or does not contain diethylene glycol

and cyclohexane diol as other copolymerization ingredient.

Consequently, the present invention specifies the kind of the
resin in the resin layer to above resin.

The investigation, however, also found that, for the
polyethylene terephthalate copolymers or polybutylene
terephthalate copolymers, specified by the present invention,
the molecules tend to become orientated when the percentage
of the copolymerization ingredient is low. That 1is, smaller
quantity of copolymerization component is likely to generate
more cracks (fractures) in parallel with each other in the
can-height direction in a zone of high strain level. In
concrete terms, it was found that, when the orientation in the
resin in the can height direction becomes significant, the

bonding force in the circumferential direction becomes weak,

which results in fracture in the circumferential direction.

P

The orientation similarly progresses even for the case of

applying heat treatment to the can after worked. To prevent
these problems, the present invention specifies the lower
limit of the percentage of the copolymerization ingredient to
8% by mole. From the point of difficulty in orientation,
higher percentage of copolymerization ingredient 1s more
preferable. However, the percentage above 16% by mole

increases the film cost to deteriorate economy. From this

point of view, the present invention specifies the upper limit

of the copolymerization percentage to 16% bymole. Therefore,

if the cost is not considered, high copolymerization

percentage is also suitable in accordance with the
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technological concept of the present invention.

For the resin layer to follow the deformation occurred
accompanied with the high strain level specified by the present
invention, it was found that the orientation of laminated steel
sheet in the initial stage of working is also an important
variable. A film prepared by biaxial orientation or the like
is oriented in the plane direction. However, if the film is
kept in a high orientation state after laminated, the film
cannot follow the working to result in fracture. From this
point of view, the present invention specilfies the
plane-orientation factor to 0.06 or less.

For preparing the laminated steel sheet using a

biaxially oriented film with high plane-orientation factor,

the temperature during lamination is increased to fully melt
the oriented crystals. A £ilm which is prepared by extrusion
is suitable in this view because the film is oriented very
little. Similarly, the direct lamination method which
directly laminates a molten resin on the steel sheet is also
suitable because of the same reason as above.

On fabricating the can of high strain level specified
by the present invention, delamination of laminate may occur
depending on the working condition and the kind of the resin.

In such a case, 1t is effective that one or more times of heat

treatment is applied at an interim stage of the multiple stage
forming, by heating the formed body to a temperature ranging
from 150°C to.the melting point of the polyester resin.

Although the heat treatment 1s given to relax the internal
stress generated by the working, the relaxation of internal

stress affects the recovery of adhesion. That is, the can of
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high strain level specified by the present invention gilves
large degree of strain in the resin layer, thus likely inducing
large internal stress. As a result, the delamination of resin
layer may occur by the internal stress as the driving force.
Application of adequate heat treatment in a stage of high
internal stress before generating delamination, during the
forming procesé, relaxes the internal stress to prevent the
delamination. The heat treatment, however, has a drawback of
progress of orientation to Crystallize the resin, thus to
deteriorate the formability of the resin layer. In particular,
in a zone of high strain level specified by the present
invention, there may occur a case of need of working after the

heat treatment. Since the working after the heat treatment

brings the resin to easily fracture owing to the orientation

crystallization, the orientation crystallization 1s harmful.

From this point of view, the present 1nvention specifies
the condition and timing of the heat treatment, adding to the
limitation of the kind of resin.

The present invention specifies the condition of heat
treatment to apply.in an interim Stage to heat the formed body
to a température in a range from 150°C to the melting point
of the polyester resin. As described above, by selecting a
resin of difficult in orienting, the orientation
crystallization during heat treatment can be suppressed, and
the lower limit of the copolymerization percentage 1is
specified also in this view.

If the heat treatment temperature exceeds the melting

point of the polyester resin, there appear harmful phenomena

such as rough surface layer and adhesion of resin to other
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material. On the other hand, the lower limit of the heat

treatment is specified taking into account of the efficiency
of relaxation of the internal stress. That is, although the
relaxation of internal stress proceeds at a temperature at or

above the glass transition point of the polyester resin,

excessively low temperatures take a time for the relaxation

of the stress. In this view, the present invention specifies
the lower limit of the heat treatment to 150°C. Therefore,
in a manufacturing process which does not care the treatment
time, the treatment temperature of 150°C or below can be adopted
on the basis of the technologibal concept of the present

invention. Generally, however, long time of treatment

'

deteriorates the productivity. More preferable condition of

heat treatment is between 170°C and [the melting point of
polyester resin] - 20°C.

According to the present invention, the timing to
conduct the heat treatment is specified to give in an interim
stage which satisfies the relation of the height h of formed
body at the interim stage, the maximum radius r thereof, the
minimum radius d (including the case that r and d are equal)
thereof, with the radius Rof the circular disk, before forming,
having the same weight to that of the final formed body, as
(0.2 £ d/R £ 0.5] and [1.5 £ h/(R - r) £ 2.5].

The above timing of heat treatment is specified because
most effective heat treatment can be provided when the strain

level 1is in that range. That 1s, the heat treatment in a stage

of mild strain level gives only a small effect because the

relaxation of internal stress is conducted in a stage of

not-high internal stress. The heat treatment in a stage of
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excessively high strain level deteriorates the adhesion, thus
delamination may occur, which timing is too late. From this
point of view, the upper limit and the lower 1imit of the strain

level are specified as above.

The method of heat treatment 1s not specifically limited,

and it was confirmed that electric oven, gas oven, infrared

furnace, and induction heater gave similar effect. Heating

rate, heating time, and cooling time (the time between the

completion of heat treatment and the cooling to the glass

transition point of resin) are adequately selected considering

the positive effect of relaxing the internal stress and the

negative effect of orientation crystallization. Higher
heating rate ismore efficient, and an adequate range of heating

time 1s from about 15 seconds to about 60 seconds. The heating

time is, however, not limited to the range. Long cooling time

g

is not preferable in terms of quality because the amount of

generated spherullites increases. Consequently, shorter

cooling time 1s better.

The laminated steel sheet specified by the present

invention may contain additives such as pigment, lubricant,

and stabilizer in the resin layer, and adding to the resin laver

specified by the present invention, a resin layer having other

functions may be located at upper layer or at intermediate layer

above the steel sheet.

Although thinner resin layer deteriorates formability,

ent invention provides

e

the resin layer specified by the pres

good formability even at a thin layer. The thickness of the

resin layer is adequately selected depending on the strain

level and other required characteristics. For example, the
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thickness thereof between 5 to 50 pym is suitably applied. 1In
particular, a thin resin layer of 20 um or less is a zone of
high contribution of the effect of the present invention.

The laminated steel sheet specified by the present
invention 1s requilred to have a laminate of resin layer
specified by the present invention at least one side of the
steel sheet.

The lamination method for the steel sheet is not
specifically limited, and the method is adequately selected
such as the heat lamination method which thermally bonds a
biaxially oriented film or non-oriented film, and the
extrusionmethod whichdirectly forms a resin layer on the steel

sheet using T-die and the like. Both of the methods were

confirmed to give sufficient effect.

EXAMPLE 1

The examples of the present invention are described

below.

[Preparation of laminated steel sheet]
The substrate metal sheet was 0.20 mm thick T4CA, TFS
(120 mg/m2 of metal Cr lavyer, 10 rng/m2 of chromium oxide layer

as metal Cr). Onto the original sheet, various kinds of resin
layers were formed uéing the film-lamination method (heat

lamination method) or the direct-lamination method (direct
extrusion method). For the film-lamination method, two kinds
of the methods were applied, using a biaxially oriented film
and a non-oriented film. On both sides of the metal sheet,

each film having 20 pum in thickness was laminated.
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The plane orientation factor of the laminate film on

thus prepared laminated steel sheet was determined by the

following procedure.

[Determination of plane orientation factor]

Abbe's refractometer was used to determine the
refractive index under the condition of: light source of
sodium/D ray; intermediate liquid of methylene iodide; and

temperature of 25°C. The determined refractive indexes were

Nx in the machine direction, Ny in the transverse direction,

and Nz in the thickness direction of the film. Then, the plane

orientation factor Ns was calculated by the following formula.

Plane orientation factor (Ns) = (Nx + Ny)/2 - Nz

TABLE 1 shows the manufacturing method and the
characteristics bf the laminated steel sheet.

The lamination methods are the following.

Heat lamination method 1: A film prepared by the
biaxial orientatioﬁ method was thermocompressed on a steel
sheet which was heated to [the melting point of resin + 10°C]

using a nip roll. Then the film was cooled within 7 seconds

by water.

Heat lamination method 2: A non—-oriented film was

thermocompressed on a steel sheet which was heated to [the
melting point of resin + 10°C] using a nip roll. Then the film
was cooled within 7 seconds by water.

Direct extrusion method: Resin pellets were kneaded

and melted in an extruder, which were then extruded through
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a T-dle to laminate onto a running steel sheet. The steel sheet
with the resin laminate was nip-cooled on a cooling roll at

80°C, and was further cooled by water.
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[Can forming]

Using the prepared testing steel sheet, the can (final
formed body) was manufactured i1n accordance with the
manufacturing ste?s shown in FIG. 1, following the procedure
described below. TABLE 2 shows the shape of the intermediate
formed body (Step C) and the final formed body (Step D). The
drawing in Step A was given by five stages, while the diametral
reduction in Step D was given by seven stages. The heat
treatment was given at a stage between Step A and Step D, heating
the can using an infrared heating furnace. After the heat
treatment, the can was cooled by water. TABLE 3 shows the
timing of heat treatment (strain level of the can when the heat
treatment is performed) and the condition of heat treatment.

In TABLE 2, the reference symbols h, r, d, ha, hc, and
R of the final formed body (Step D) are the height of the final
formed body up to the opening end, the radius of the base part
2, the radius of the neck-shaped part 3, the height of the base

part 2, the height of the neck-shaped part 3, and the radius

of the circular disk blank, before forming, having the same

weight to that of the final formed body, respectively, (refer
to FIG. 1). The radius R of the circular disk blank was

determined by the following procedure. The welght of the blank
sheet before forming and the weight of the final formed body
after the step of trimming were measured. Based on thus

measured weights, the radius of the blank sheet, before forming,
having the same weight to that of the final formed body was

determined. Thus determined radius was adopted as the radius
R of the circular disk blank, before forming, having the same

weight to that of the final formed body.
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1) Blanking (66 to 94 mmd¢ )

2) Drawing and ironing (Step A)

Through the five stages of drawing, the cans

)

(intermediate formed bodies) having radius r and height h o:

}

the can in a range of r/R from 0.27 to 0.34 and of [h/ (R - r)]

from 1.84 to 3.09, were manufactured. To manufacture the

desired cans, 1roning was also applied at need.

3) Forming of dome-shape at can bottom (Step B)

Stretching was applied to the can bottom to a

24

emispherical shape of 6 mm in depth.

4) Trimming (Step C)

The can top edge portion was trimmed by about 2Z mm.

5) Diametral reduction at opening portion of the cylinder

(Step D)

Diametral reduction was given to the opening portion

of the cylinder. 1In concrete terms, the diametral reduction
was conducted by the die-neck method in which the opening end

was pressed against a die 1n an inside-tapered shape, thus

manufactured the cans having final can shape given in TARBRLE

2 .

For the cans manufactured by the above procedure,

evaluation was given in terms of the adhesion of the film laver

to the can, the formability of the film layer, and the

appearance of the film layer. The results of the evaluation

are also given in TABLE 3.
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[Adhesion test]

The can was sheared in approximately rectangular shape
in the can height direction, having 15 mm of width in the
circumferential direction. With thus sheared piece, only the
steel sheet was sheared at a position of 10 mm from the bottom
in the can height direction, straight in the circumferential
direction. As a result, there was prepared a tesiﬁ piece having
a 10 mm portion in the can height direction toward the can bottom
and a residual portionwith the boundary of the sheared position.
At the 10 mm portion, a steel sheet having 15 mm in width and
60 mm in length was joined (welded). Then, the 60 mm steel
sheet portion was clamped to forcefully separate the film on

the residual portion by about 10 mm from the sheared position.

The peeling test was conducted in 180° direction with the
clamping areas of the film-separated portion and the 60 mm steel
sheet portion. The minimum peeling strength among the

observed values was adopted as the index of adhesion.

[Peeling strength]

LLess than 4N/15 mm: X
AN/15 mm or more and less than 6N/15mm: O

6N/15 mm or more: ©

[Evaluation of film formability]

The outer surface of the resin layer after the can

forming was observed visually and with a light microscope to

confirm the presence/absence of fracture of film. The resin

layer giving normal appearance was evaluated as O, and the
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resin layer showing fracture and crack was evaluated as X.

[Results of evaluation]

Th

o

>~ cans Cl to C15 and C21 to C36 are the examples of
the ﬁresent invention, and were subjected to heat treatment
within the range specified by the present invention. They
showed good film formability and adhesion.

The cans Cl16 to C20 are the examples of the present

invention. However, they were not subjected to heat treatment

specified by the third aspect of the present invention, or they

were subjected to the heat treatment outside the timing

specified by the fourth aspect of the present invention. As

a result, they gave only O evaluation for the adhesion, though

both the film formability and the adhesion passed the

evaluation.

The cans C37, C38, and C40 are Comparative Examples.
The evaluation of formability was X because the
copolymerization percentage of isophthalic acid was outside
the range of the present.invention.

The can C39 is an example giving the plane orientation

factor outside the range of the present invention, and the

formability was evaluated to X.
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What 1s claimed 1s:

1. A method for manufacturing a two-piece can, comprising the
steps of,

multi-stage forming a circular disk of laminated steel
sheet, wherein,

at least one face of the steel sheet 1is coated with a
copolyester resin, which contains at least one diol component
selected from the group consisting of ethylene glycol and
butylene glycol, a dicarboxylic acid component of terephthalic
aclid, and 8 to 16 mol% of at least one copolyester component
selected from the group consisting of isophthalic acid,
diethylene glycol and cyclohexane diol, wherein

the copolyester resin has 0.06 or less of plane
orientation factor which is defined by the following relation
I, and

heating a formed body which satisfies the following
relations II, V and VI, to t temperature of from 150°C to the
melting point of the copolyester resin at an interim stage of

manufacturing a final formed body of two-piece can which

satisfies the following relations II to IV:

plane orientation factor (Ns)=(Nx+Ny)/2-Nz...Relation I
wherein' the refractive 1ndexes are Nx in the machine

direction Ny in the transverse direction and Nz in the

thickness direction of the copolyester resin coated layer

d<r ...Relation IT
0.1<d/R<0.25 ...Relation III
1.5<h/ (R~-r) <4 ...Relation IV
0.2<d/R<0.5 ...Relation V

1.5<h/(R-r)<2.5 ...Relation VI
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wherein R is a radius of a circular disk, before forming,
having the same weight to that of the final formed body, h 1s
a height of a formed body, r 1s a maximum radius of a formed

body, and d is a minimum radius of a formed body.

2 .« The method for manufacturing two-piece can according to
claim 1, wherein the heat treatment is carried out two or more

tilmes.

3. A two-plece laminated can manufactured by the method

according to claim 1 or claim 2.
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FIG. 1.




Step B Step C Step D (r>d)
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