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Abstract: Typical polypropylene (PP) foam is manufactured using random PP, but the mechanical properties of PP foam
can be improved when homo PP, which is more crystalline than random PP, is used. However, the increase in the crys-
tallinity of such a material causes various process difficulties in manufacturing the foamed foam by lowering the work-
ability. In this study, homo PP was applied in the process of making PP foam by using electron beam crosslinking and
chemical foaming agent using polypropylene which is the most used for automobile interior and exterior materials. The
degradation of the workability in the process was overcome by the optimization of electron beam crosslinking process
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and side feeding systems.
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Table 1. Material Properties of Homo PP

TEST Method Unit Result
MFI ASTM D 1238  g/10 min 8.00
Density ASTM D 792 g/cm’ 0.9030
Flexural modulus ~ ASTM D 790 kg/cm? 16000
Melting point ASTM D 648 °C 165
HDT ASTM D 648 °C 124

Table 2. Material Properties of MDPE

TEST Method Unit Result
MFI ASTM D 1238  g/10 min 5.00
Density ASTM D 792 g/cm’ 0.9380
Flexural modulus ~ ASTM D 790 kg/cm? 6500
Elongation ASTM D 638 % 900
Melting point ASTM D 648 °C 124
HDT ASTM D 648 °C 122
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Figure 1. Relation between MI and productivity.
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Figure 2. Blowing system: (a) horizontal; (b) vertical.
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Table 3. Test Condition for Kneading Time according to
Kneader Chamber Temperature and Contents of Blowing
Agent

Kneader chamber Content of blowing agent

temperature (°C) (%)
120 0 10 20 30
130 0 10 20 30
140 10 20 30
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Figure 3. Kneading time according to kneader chamber temperature
and contents of blowing agent.
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Figure 4. Temperature gradient in cylinder of extruder.
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Table 6. Screw Load and Resin Pressure according to
Increase of Homo PP Contents

Screw load/ Homo PP content
resin pressure 30% 40% 50%
Load (kN) 150 175 210

Pressure (MPa) 140 173 196
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Table 4. Physical Properties according to Extrusion Amount: Side Feeder Position C4

Extrusion amount Flexural modulus

(ke/hr) (keflem?) Non-melting material Early decomposition Void
80 - N Y N
100 329 N N N
110 219 N N Y
120 460 N N N
140 - Y Y Y

Table S. Physical Properties according to Extrusion Amount: Side Feeder Position C6

Extrusion amount Flexural modulus

Non-melting material

Early decomposition Void

(kg/hr) (kgf/em?)
80 210 N N N
100 430 N N N
110 580 N N N
120 710 N N N
140 605 N Y N
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Figure 5. Testing methods and specimen shapes for PP foam: (a) density; (b) compression; (c) flexural properties.
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Table 7. Test Condition for Optimization of Blowing System
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Table 8. Physical Properties of PP Foam according to Blowing System
Test Method Unit Horizontal Vertical
Density ISO 7214 g/em’ 0.067 0.067
Compression strength (25%) ISO 7214 kgf/em? 1.79 1.65
Flexural strength ASTM D 790 kgf/5cm 1.19 1.02
Flexural modulus ASTM D 790 kgf/em? 710 689
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(b)

Figure 6. Cell shape of PP foam manufactured by blowing system:
(a) vertical; (b) horizontal.

Table 9. Cell Aspect Ratio of PP Foam Manufactured
According to the Type of Blowing System
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Figure 7. Change of compression strength (25%) according to
homo PP contents.
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Figure 8. Change of flexural strength according to homo PP con-

Type Horizontal Vertical tents.
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Table 10. Test Condition for PP Foam with Homo PP Variation

e} ok
BAES 1020% F72) 24 TS Lehdo

Expected density

Homo PP content

Random PP content

Bed thickness

(gfom’) %) %) Extruder (mm) Blowing system
0 50
30 20 Twin screw with .

0.070 10 10 side feeder C6 2.05 Horizontal
50 0
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Figure 9. Change of flexural modulus according to homo PP con-
tents.
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