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ABSTRACT: Polypropylene (PP) exhibits many beneficial properties such as low density,
high thermal stability, chemical resistance, good processability and recyclability. However,
only limited research has been done on expanded polypropylene (EPP). In this study, we
were trying to prepare EPP with chemical blowing agent. Ethylene-octene copolymer (mPE)
was melt blended with PP to enhance melt fluidity of PP at processing temperature and to
make more flexible foamed material. Prior to foaming, phase morphology of PP/mPE blends
were investigated to examine the effect of phase morphology on the foaming ratio and cell
structure of foams. Phase morphology of PP/mPE blends were affected by the content of
mPE and mixing torque ratio. At the same composition, it was affected by mixing rpm. High
blowing ratio and stable cell structure were obtained in the blend which has the continuous
PP matrix with dispersed droplets of mPE.
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Table 1. Characteristics of PP and mPE Used in
This Study

mPE

properties unit El B2 E3 E4 PP

density g/cm? 0.870 0.880 0.870 0.863 0.900
l-octene % 24 20 24 28 -

comonomer  C, % 7% 80 76 72 16
content G % - - - - 90
Cy % - - - - 84

melt index g/10min 30 18 5 05 53
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Table 2. Formulation of PP/mPE Blends

El E2 E3 E4 PP

code vol%
E120P80 20 - - - 80
E130P70 30 - - - 70
E140P60 40 - - - 60
E150P70 50 - - - 50
E160P40 60 - - - 40
E170P30 70 - - - 30
E180P20 80 - - - 20
E220P80 - 20 - - 80
E230P70 - 30 - - 70
E240P60 - 40 - - 60
E250P50 - 50 - - 50
E260P40 - 60 - - 40
E270P30 - 70 - - 30
E280P20 - 80 - - 20
E320P80 - - 20 - 80
E330P70 - - 30 - 70
E340P60 - - 40 - 60
E350P50 - - 50 - 50
E360P40 - - 60 - 40
E370P30 - - 70 - 30
E380P20 - - 80 - 20
E420P80 - - - 20 80
E430P70 - - - 30 70
E440P60 - - - 40 60
E450P50 - - - 50 50
E460P40 - - - 60 40
E470P30 - - - 70 30
E480P20 - - - 80 20
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Figure 1. Torque change of virgin polymers with
respect to rotor rpm at 140 C.
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Figure 2. Mixing torque versus composition for El,
E2,E3, and E4/P blends at 140 °C, 50 rpm.
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(a) E130P70 (b) E140P60

(c) E150P50 (d) E160P40

Figure 3. SEM photographs of E1/P blends compounded at 50 rpm, 140 'C; Effect of blends composition (volume

fraction) on the phase morphology.

(a) E230P70 (b) E240P60

(c) E250P50

(d) E260P40

Figure 4. SEM photographs of E2/P blends compounded at 50 rpm, 140 C; Effects of blends composition (volume

fraction) on the phase morphology.
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(a) E330P70

(b) E340P60

(c) E350P50 (d) E360P40

Figure 5. SEM photographs of E3/P blends, compounded at 50 rpm, 140 °C; Effects of blends composition (volume
fraction) on the phase morphology.

(a) E430P70 (b) E440P60

(c) E450P50 (d) E460P40

Figure 6. SEM photographs of E4/P blends, compounded at 50 rpm, 140 C; Effects of blends composition (volume

fraction) on the phase morphology.
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Table 3. Estimated Compositions of Phase Inver-
sion Calculated by Equation (2)

rotor
rpm

item El E2 E3 E4 P

mixing torque (Nm) 35 53 115 305 18
30 torque ratio (Tg/Tp) 019 029 064 169 -
phase inversion (@ /@p) 16/84 22/78 39/61 63/37 -
mixing torque (Nm) 446 7 14 323 14.2
50 torqueratio (Tg/Tp) 032 049 099 228 -
phase inversion (@ /®p) 24/76 33/67 50/50 69/31 -
mixing torque (Nm) 56 885 158 333 139
70  torqueratio(Tg/Tp) 040 061 114 240 -
phase inversion (@ /®@p) 29/71 38/62 53/47 71/29 -
mixing torque (Nm) 65 94 168 335 142
90 torqueratio (Tz/7p) 045 066 1.18 236 -
phase inversion (@ /@p) 31/69 40/60 54/46 70/30 -
mixing torque (Nm) 69 100 17.3 337 146
110 torque ratio (Tg/Tp) 047 069 119 231 -
phase inversion (@g /@p) 32/68 41/59 54/46 70/30 -
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Figure 7. Influence of the composition on the density
of the foams (CBA 10 phr) mixed at 140 °C, 50 rpm.
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Figure 8. Influence of the composition on the blow-
ing ratio of the blends (CBA 10 phr) mixed at 140 C,
50 rpm.
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Figure 9. Influence of the rotor rpm on the blowing
ratio of the E2/P (CBA 10 phr) foamed at 150 C.
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Figure 10. Influence of the rotor rpm on the blowing
ratio of the E3/P (CBA 10 phr) foamed at 150 C.
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(a) 30 rpm (b) 70 rpm

(c) 90 rpm (d) 110 rpm

Figure 11. SEM photographs of E2/P (30/70 vol%) blends showing effects of rotor rpm (shear rate) at 140 °C.

(a) E220P80, 50 rpm

(d) E250P50, 50 rpm
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(b) E230P70, 50 rpm

(e) E260P40, 50 rpm
Figure 12. SEM photographs showing effects of the composition on the cell structure of the E2/P (CBA 10 phr)
foamed at 150 C.

(c) E240P60, 50 rpm

(f) E270P30, 50 rpm
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(c) E230P70(foam), 50 rpm

(a) E230P70, 50 rpm (b) E230P70, 70 rpm

Figure 13. SEM photographs showing effects of the rotor rpm on the
phase morphology and cell structure of the E230P70 blends.

(b) E330P70, 50 rpm (c) E340P60, 50 rpm

(d) E350P50, 50 rpm (e) E360P40, 50 rpm (f) E370P30, 50 rpm
Figure 14. SEM photographs showing effects of the composition on the cell structure of the E3P (CBA 10 phr)

foamed at 150 C.
T gol3Hl dolvte Aog A phase morphology % W¥Ae] A 728 Jehlid
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(a) E340P60, 30 rpm (b) E340P60. 50 rpm (c) E340P60, 70 rpm

Figure 15, SEM photographs show-
ing effects of the rotor rpm on the
cell structure of the E340P60 (CBA
10 phr) foamed at 150 C.

(d) E340P60, 90 rpm

(a) E240P80, 50 rpm

(d) E450P50, 50 rpm (e) E460P40, 50 rpm (f) E470P30, 50 rpm
Figure 16. SEM photographs showing effects of the composition on the cell structure of the E4P (CBA 10 phr)

foamed at 150 C.
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