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on Laminated Steel in the Laminating Process
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Synopsis : Polyester film laminated steel for can container will gradually replace lacquer coated steel sheet from environmental concern and cost consid-

eration. The process of lamination is characterized by partial melting of the film on the surface of steel during lamination by pressing the sup-
plied films between both sides of heated steel and a couple of cooled rubber rolls. Various characteristics of film laminated steel for can use
are strongly influenced by the degree of biaxial orientation and the thickness of amorphous layer of the laminated film, and the characteristics
are greatly influenced by several laminating conditions.

Therefore, this report deals with the result of numerical analysis applied to characterize heat transfer in laminating process, in order to esti-
mate the variation of orientation of the laminated film. From the result of numerical analysis, we found that the cross-sectional temperature
distribution in roll nip greatly changes within extremely short time, and the distribution contributes to the formation of double layered struc-
ture of amorphous and biaxially oriented layers.

Moreover, it was found important to form the double layered structure of the laminated film by keeping an appropriate temperature profile
of film in roll nip. The thickness of amorphous layer with the numerical analysis obtained by the cross-sectional variation of maximum tem-
perature of film in the roll nip agrees well with the one observed by polarizing microscope. The estimation of the thickness of amorphous
layer was found possible by this method with a good accuracy.

Key words: polyester film; PET; ECCS; lamination; biaxial orientation; amorphous layer; adhesive property; numerical analysis; temperature.
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Fig. 1. Laminating method of polyester film on ECCS.
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Fig. 2. Heat capacity of polyester film.
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Fig. 3. Example of X-ray diffraction pattern of laminated
polyester film and cross-section of polyester film-
laminated ECCS (A: biaxially oriented polyester
layer, B: amorphous polyester layer).
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Fig. 4. Test method for evaluation of adhesion.
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Fig. 5. Analytical system and coordinates (a, e: surface
rubber of laminating roll, b: clear BO-PET, c:
ECCS, d: white BO-PET).

Table 1. Physical properties.

heat capacity density thermal conductivity

cp o k
K/(kg K)  kg/m' W/(m K)
ECCS 0.46 7830 53.5
surface rubber of laminating roll 1.68 1500 0.48
clear BO-PET see Fig.2 1385 0.144
white BO-PET see Fig.2 1502 0.248

Table 2. Conditions of numerical analysis.

temperature of ECCS before lamination, T 200 ~ 250 C
temperature of laminating roll, T, 100, 150 C
initial temperature of BO-PET, T 35 C
laminating speed, V' 20,40,80 m/min
thickness of ECCS 175 u4m
thickness of clear BO-PET, & « 25 U4m
thickness of white BO-PET 15 o« m
diameter of laminating roll 015 m
nip length of laminating roll, L., 001 m(at25%C)
BO-PET contact length of laminating roll

before lamination 005 m
coefficient of heat transfer on laminating roll, A: 7.5  W/m' K)
coefficient of heat transfer on laminated ECCS

after lamination, A 4.8 W/(m’ K)
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Fig. 6. Variation of normalized BO value for ECCS tem-
perature before lamination.
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Fig. 7. Relationship between normalized thickness of

amorphous layer and normalized BO value.
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Fig. 8. Variation of normalized BO value for temperature
of film-laminated ECCS after lamination (open
points: 7,=100°C, closed points: 7,=150°C).
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Fig. 9. Relationship between peel strength of BO-PET and
normalized thickness of amorphous layer (open
points: 7,=100°C, closed points: 7,=150°C).
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Fig. 10. Comparison of numerical temperature of film-
laminated ECCS after lamination with experimen-
tal one (open points: 7,=100°C, closed points:
T.=150°C).
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Fig. 11. Contour pattern of temperature in polyester film
in roll nip (7,=100°C, 7,,=195°C).
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Fig. 12. Cross-sectional variation of transient temperature
in polyester film in roll nip (V=40m/min, 7,=
100°C, T,,=195°C).
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Fig. 13. Model of development for cross-sectional distri-
bution of orientation of polyester film-laminated
ECCS in laminating process.
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Fig. 14. Cross-sectional variation of maximum tempera-
ture in polyester film in roll nip and cross-section
of polyester film laminated ECCS (V'=20, 40, 80
m/min, 7,=100°C, T,,=195°C).
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Fig. 15. Relation between transition temperature to amor-
phous state determined by numerical analysis and
numerical temperature of film-laminated ECCS
after lamination (open points: 7,=100°C, closed
points: 7,=150°C).
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Fig. 16. Comparison of numerical thickness of amorphous
layer with experimental one (open points: 7,=
100°C, closed points: 7,=150°C).
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BO ! peak intensity of (100) crystal plane by means of X-ray diffrac-

tometer [cps]
BO, @ BO value before lamination [eps]
¢, . heat capacity [kI/(kg K)]
h,, h, : coefficient of heat transfer [W/(m?K)]
k . thermal conductivity [W/(mK)]
L . coordinate in laminating direction [m]
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. length of laminating roll nip

. temperature

: temperature of BO-PET

. maximum temperature of BO-PET

. heat-set temperature of clear BO-PET

. melting temperature of clear BO-PET

. melting start temperature of clear BO-PET
. transition temperature to amorphous state
. temperature of ECCS before lamination

. temperature of film-laminated ECCS after lamination
. temperature of laminating roll

. initial temperature of laminating roll

. laminating speed

. coordinate in thickness direction

. distance from surface of clear BO-PET

. thermal diffusivity

. thickness of clear BO-PET

. thickness of amorphous layer

. density

. time

[m}
[°Cl
°q]
[°C]
[°C]
[°C]
[°C]
[°C]
[°Cl
[°C]
[°C]
[°C]

[m/min]
[m]
[xm]
[m?/s}
[pm]
[pm]
[kg/m’]
[s]
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1)
2)

3)

4)

. contact time in laminating roll nip [s]

& 2

. initial value
. average value
. numerical value

experimental value
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