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Effect of Contact Cooling Length after the Laminating Rolls on Formation of Amorphous Layer
of Biaxially Oriented Polyester Film in the Laminating Process

Hiroyuki IWASHITA, Shun-ichi MORITA, Atsuo TANAKA, Nobuyoshi SHiMIzU and Norimasa MAIDA

Synopsis

: Various characteristics of biaxially oriented polyester film that is laminated on to steel for can use are controlled by the degree of biaxial ori-

entation and the thickness of amorphous layer of the laminated film. The adhesive property and the corrosion resistance of the steel deterio-
rate with increasing laminating speed because of decreasing thickness of amorphous layer even at the same degree of orientation. We found
that it is effective to maintain the enough contact cooling time of laminated film in order to prevent the amorphous thickness reduction. Be-
cause high speed laminating is indispensable for the better productivity, it is important to find the method of keeping the contact cooling time
constant.

Therefore, this report deals with the result of numerical analysis applied to characterize heat transfer in new laminating process, which was
considered and accepted to maintain the contact cooling time by winding the steel along the laminating roll for prevention of decreasing
thickness of amorphous layer with increasing laminating speed. Based on the result of numerical analysis, we obtained the transient cross-
sectional temperature distribution of polyester film in the laminating process compared with the ordinary laminating process.

The thickness of amorphous layer with the numerical analysis obtained by the cross-sectional variation of maximum temperature 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 possi-
ble by this method with a good accuracy.

The variations of biaxial orientation of the laminated film on non-contact side after leaving roll nip in this laminating process is also dis-
cussed.

Key words : polyester film; PET; ECCS; lamination; biaxial orientation; amorphous layer; numerical analysis; temperature; laminating process.
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Fig. 1. Laminating method of polyester film on steel.
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Fig. 2. Analytical system and coordinates.

Table 1. Conditions of numerical analysis.

temperature of ECCS before
lamination, T,
temperature of laminating roll, T,

200~250 T
100 and 150 °C

initial temperature of BO-PET, T}, 35 C
laminating speed, V' 20and 40 m/min
thickness of ECCS 175 fsm
thickness of clear BO-PET, J 25 “m
thickness of white BO-PET 15 “m
diameter of laminating roll 150 mm
nip length of laminating roll, L,;, 10 mm (at 25°C)
BO-PET contact length of laminating 0,15,30
roll after leaving roll nip, L., and 45 mm
BO-PET contact length of laminating
roll before lamination 50 mm
coefficient of heat transfer on
laminating roll, &, 7.5 W/ (m? K)
coefficient of heat transfer on
laminated ECCS after lamination, 4, 4.8 w/(m?K)
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I 45— MEBEOESHBEIES WD EHHIT 57201,
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RIZH T % BO-PET DEAFADREZELIZ DV THRIER
WA -7, ZOMBIHERE»S T I 5 — b HEDBO-PETD
TEHEEE SRS 55 I 3 — RO ECCSEERB LT
7 4 N LDIELFEDERE FMOBELICDONTHRRTA L
HL, LU= 33— P AROEAIC & D BEWE %
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%72, ZDT 4L LADJERFTED L 540 O BUB BT
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EE A S BEARBHEEIEEICBEA L TRE L, 73Ix—t
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BIEAD PRI ERA, HERAFREFRKIZT IF—ba—Ib
HBERT Ix— PEEAEEIELBECBVWTEEA
25 um @ BO-PETIZ DWW T £ 1 um FEEOKEE T PRI BET
HBHZLERLI,

X5z, Zou— AN ARIZB T 2 IEEMEMEITE
BO-PET DECAIE Z{LIZ DT & 5Hli U, AEBRFHFO&
EiZH T3, MEEFBO-PET A EI—EEEDHA, €
kI & T BO,/BO,  »0.1 FEEIK VME & % 528, &H
MEE L THBERHTZESZ b ol,

i =
BO . peak intensity of (100) crystal plane of clear BO-PET by means
of X-ray diffractometer [cps]

BO, ' BO value of clear BO-PET before lamination [cps]
BO, : BO value of white BO-PET [cps]
BO,, - BO value of white BO-PET before lamination [cps]
hy, h,  coefficient of heat transfer [W/(m?K)]
L . coordinate in laminating direction [m]
L., - contact length of laminating roll after leaving roll nip [mm)]
L,, - length of laminating roll nip [mm]
T . temperature [°C]
T, . temperature of clear BO-PET [°C]
Tt mae - Maximum temperature of clear BO-PET [°C]
T, . transition temperature to amorphous state [°C]
T, . temperature of laminating roll [°C]
Ty . temperature of ECCS before lamination [°C]
T, . temperature of film-laminated ECCS after lamination [°C]
T, . temperature of white BO-PET [°C]
14 . laminating speed [m/min]
X . coordinate in thickness direction [m]
X, . distance from surface of clear BO-PET [1tm]
o . thermal diffusivity [m%/s]
S, . thickness of clear BO-PET [um]
5, . thickness of amorphous layer {um]
T . time [s]
e
0 * initial value
av . average value
cal . numerical value

exp . experimental value
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