Polymer (Korea) Vol. 26, No. 1, pp 61 70 (2002)

1)

(001 5 4 ,2001 10 30 )

Structural Changes of Homopolymer Polypropylene Foam with
Molecular Weights and Rheological Properties (1) In Batch Process

David Hong, Kwang Jung Yoon, and Kee Yoon Lee
Department of Polymer Science and Engineering,
Chungnam National University, Taejeon Chungnam 305-764, Korea

Ye-mail : kylee@cnu.ac.kr

(Received May 4, 2001; accepted October 30, 2001)
PP) ,

PP . . G, G,
o) *) ,
. PP 3.2
Mrad , )

ABSTRACT The effects of molecular weights and rheological properties of polypropylene
(PP), on its foam structures in batch process were investigated. The effects of crosslinking
process were also considered in this study. The rheological properties of polypropylene,
such as storage modulus(G "), loss modulus(G "), zero shear viscosity(n o), and relaxation
time(A ), increased with the increase of molecular weights, and these increases in rheological
properties directly affected the stability improvements of the PP foam. The increase of
crosslinked PP's gel content stopped at the irradiation dose of 3.2 Mrad. The development of
foam structures was more enhanced as the irradiation dose increased up to 3.2 Mrad. When
the irradiation dose exceeded 3.2 Mrad, however, it negatively affected the structural
development of the foam by diminishing gel contents of the foaming material, which resulted
in instability of the foam structure.
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Table 1. Molecular Weight Characteristics of PP

Used in This Study
sample  MI Tn My My M, MMy MMy
(9/20min)
SH-1 11 16265 108700 469500 1236000 4.32 263
SH-2 10 16472 114200 469100 1324000 411 282
SH-3 18 16474 86460 444100 1507000 514 339
SH-4 31 16415 72360 357100 1118000 494 313
SH-5 55 16260 59740 295800 845300 495 285
SH-6 75 16204 58190 264100 748500 454 283
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Figure 1. (a) Storage modulus(G ") of the PP as a function

of frequency at 190

and (b) Loss modulus(G ") of the

PP as a function of frequency at 190
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10 T T T T T Table 2. Physical Properties of Carbon Dioxide 1

105- properties carbon dioxide
~ molecular weight 44.01
Q .y
.g 18] [Fr—gm critical temp.( ) 30.98
e E R e critical pressure(MPa) 7.42
< 104; _:_ ":' r B ] critical volume(cm®/mol) 94

BH-E 3 melting point ( ) —56.58
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Figure 4. Schematic diagram of foaming apparatus.
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(Figure 4).
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Figure 5. Gel content of PP with irradiation dose.
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Figure 6. SEM microphotographs of SH—1 foamed at 200

* g. ¢ is the abbreviation of gel content.
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Figure 7. SEM microphotographs of SH—3 foamed at 200 . Foaming time : (a) 30 sec and (b), (c), (d)
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Figure 8. SEM micrographs of SH—6 foamed at 200
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Figure 9. Cell population density(CPD) of the foams
by the batch process (foaming temperature 200 ;
foaming time 60 sec ).
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Table 3. Density and CPD Changes with Increase of
Foaming Time

30 sec 60 sec
sample  density CPD density CPD
(g/cm®)  (cells/ cm®)  (g/ cm®) (cells/ cm®)
SH-1 0.3847 536 x 10° 04019 225 x 10°
SH-3 03538 419 x 10° 04025 2.26 x 10
SH-5 03981 192 x 10° 03787 80 x 10°
SH-6 03383 185x 10° 03645 52 x 10°
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A ,
G G"
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Figure 10. SEM micrographs of the foams with the
gel content of 30%.
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Figure 11. SEM micrographs of the foams at the gel
content of 12% approximately.
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Figure 12. Structural changes with foaming time delay ( 100 nm).
40 mMm
30 , SH-3 ,
) 20 mMm
60 , SH-1

26 1 2002 1 69



PP

( , My, 400000 )

) G,

@), o

*) ,

3.2 Mrad
, 3.2 Mrad
, 40 mMm
PP My 450000
. A 0.16 s

70

10.

11.

12.

13.

14.

15.

J. S. Colton, Materials and Manufacturing Processes,
4(2), 253 (1989).

. A. Nojiri, T. Sawasaki, and T. Koreeda, U. S.

Patent 4,424,293 (1984).

. Y. D. Lee and L. F. Wang, J. 4ppl. Polym. Sci., 32,

4639 (1986).

. A. Nojiri, T. Sawazaki, T. Konishi, S. Kudo, and S.

Onobori, Furukawa Rev., 2, 34 (1982).

. A. Nojiri and T. Sawasaki, Radiat. Phys. Chem.,

26(3), 339 (1985).

. N. Uejyukkoku and Y. Nakutsu, U. S. Patent

5,786,406 (1998).

. J. J. Park, L. Katz, and N. G. Gaylord, U. S.

Patent 5,116,881 (1992).

. M. B. Bradley and E. M. Phillips, SPE -ANTEC Tech.

Papers, 36, 717 (1990).

. C. W. Macosko, “Rheology Principles, Measure—

ments, and Applications”, p. 117, Wiley, John &
Sons, 1994.

J. M. Dealy and K. F. Wissbrun, “Melt Rheology
and Its Role in Plastics Processing”, p. 60,
Chapman & Hall, New York, 1989.

D. R. Lide, “CRC Handbook of Chemistry and
Physics”, 74th ed., CRC Press, Florida, 1994.

S. K. Goel and E. J. Beckman, Polymer Eng. & Sci.,
34, 14 (1994).

L. Matuana—Malanda, C. B. Park, and J. J.
Balatinecz, SPE ANTEC Tech. Papers, 41, 2394
(1995).

V. Kumar and N. P. Suh, Polymer Eng. and Sci., 30,
20 (1990).

H. F. Mark, N. M. Bikales, C. G. Overberger, and
G. Menges, “Encyclopedia of Polymer Science and
Engineering”, 2nd ed., vol. 4, p. 431, John Wiley
& Sons, New York, 1985.

Polymer (Korea) Vol. 26, No. 1, January 2002



