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Effect of Multilayer Extrusion Technology on the Transparency
of Polypropylene Sheets

Funaki, Akira*'/Kuratani, Shota*?/Yamada, Toshiro**/Kanai, Toshitaka™’

To improve the transparency of isotactic polypropylene sheets, multilayer extrusion was con-
ducted using a resin with lower melt viscosity for the surface layers than one for the core layer.
By using multilayer extrusion, the number of spherulites near the surface decreased dramatically
and the internal haze of the sheet was improved. The number of spherulites of the sheet cross—
section and the internal haze were closely correlated to each other. Each distribution on the flow
velocity, shear rate and shear stress in a die lip section was calculated using a finite element
method. The shear stress in the sheet thickness direction was reduced when the resin with lower
melt viscosity was laminated on both surfaces, and then it was surmised that the stress induced
crystallization was considerably restrained in these layers. Furthermore, the cooling simulation in
a belt quenching process was conducted, and the prediction formula was derived by multiple re-
gression analysis, using the number density of spherulites as a response variable, and both the
plateau area time of the temperature in each thickness direction and shear stress as independent
variables, respectively. As a result, the number density of spherulites in various surface layer ra-
tios was predicted using obtained regression formula, and the optimization of the multilayer com-
position to obtain higher transparency was proposed.

Key words : Highly transparent PP sheet/Multilayer extrusion/Spherulites/
Finite element method/Belt quenching process
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Table1 Characterization of polypropylene sheet samples

Sheet structure Total thickness| Each layer MFR Meso pentad
(um) thickness (um) | (g/10 min) |fraction (mol%)
A 344 344 3 92.5
B/A/B 335 21/293/21 7/3/7 92/92.5/92
C/A/C 347 19/309/19 20/3/20 92/92.5/92
D/A/D 348 22/299/27 4.5/3/4.5 70/92.5/70

|

@65 single screw extruder for core layer

junction block

feed block

I =] coat hanger dic

mirror finished roll

mirror finished stainless steel belt

Fig.1 Schematic diagram of multi layers extrusion sheeting system (single belt quick quenching process)
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Table2 Transparency of various polypropylene
sheet samples which were normalized to 350
um thickness

Sheet structure Total Internal Outer
haze (%) haze (%) haze (%)
A 14.0 13.5 0.5
B/A/B 9.1 8.6 0.5
C/A/C 8.3 7.6 0.7
D/A/D 12.2 11.7 0.5
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Fig.3 Depth profiles of the number density of spher-
ulites for A, B/A/B, C/A/C and D/A/D sheets
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Fig.2 Micrographs obtained by phase—contrast microscopy of cross sections of (a) A and (b) C/A/C structure

sheets
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Table3 Average diameter of spherulites of various
polypropylene sheet samples

Sheet structure A B/A/B | C/A/C | D/A/D
Average (.hameter of 5.1 5.7 6.6 5.7
spherulites (um)

Table4 Parameter of cross model for each polypro-
pylene grade

PP grade A B C D
n,(Pa-s) 4300 1400 510 1900
a(s) 0.25 0.09 0.02 0.04
n(-) 0.34 0.34 0.34 0.28
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