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Plastic foaming products (polystyrene, polyethylene and polypropylene) are used in various fields in items
such as food-packaging materials, distribution packaging materials, automobile parts and construction materi-
als. Each product has its own characteristics such as light weight, flexibility (cushioning properties), heat
insulation properties and sound absorption properties, which depend on factors such as the resin properties
and foaming processes in each application field.

In automotive parts applications in particular, polypropylene foaming technologies and products are
becoming the center of attention from the points of view of weight reduction and recyclability.

In this paper, we review the novel polypropylene foaming/molding technologies and products for Sumi-

celler®, and give our consideration to the requirement of weight reduction for automobile parts.
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1 Classification of expansion processing
thechnologies

State of material under foaming process
riquid melted solid

Expansion agent

Chemical . Injection/Extrusion .

foaming
Polymerization
CFC foaming Extrusion Beads
. (Polyurethene) foaming foaming
Physical
Hydrocarbon —
CO2/Ns . Injection/Extrusion .

foaming
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111 (:372  Preconditions of FEM simulation

process of FEM in vacuum chamber
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heating  vacuum cooling  discharge gooooz200000020mmO00000004.0
P am. 01MPa OMPa O0MPa  0.1MPa 0000040mmO000000000000000
0.1 MP. 0.1 MP. 0.1 MP. 0.1 MP.
Pincel * * ‘ * 000000000IMPa0 0000000000
+AP - AP - AP - AP
T celtwall 165°C 165°C 1.£.(23°C) 00 0.05MPa 0O DO
i=1 n : number of cells in thickness direction
2 Pinit. : initial pressure in cell at expanded moment (= 0.05MPa)
direction of 3 Pi : pressure in cell at i-numbered (Pa)
sheet thickness ° Patm. : pressure of atmosphere (= 0.1MPa)
o G : flexural modulus (Pa)
° 1 : viscosity (Pa - s)
n t: time (s)

Minit. : initial mass of air incell by base area at expanded moment (kg/m?)
Mi : mass of air in cell by base area at i-numbered (kg/m?)

D : diffusion coefficient of air into cell wall (m?/s)

S : solubility of air into cell wall (kg/m3/Pa)

h : half of wall thickness (m)

% : expansion ratio = 4.0

Mw (air) : molecular weight of air = 28.8

R : Gas constant (J/mol/K)

T : temperature (K)

Li : cell wall thickness at i-numbered (m)
Linit. : initial cell wall thickness (m)
L : thickness of sheet (m)

Diffusion equation : dMi/dt = (D - S/2h) (Pi-1-2Pi+Pi+1)
Viscoelastic character of resin (Voigt model) : (Pi—Patm.(1+2h/Li)2)/((1+2h/Li)2-1)= G - In(Li/Linit.)+ (n/Li) (dLi/dt)

PEEEEN  Simulation of FEM process in vacuum chamber
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