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Abstract: This study investigates the isothermal crystallization behaviors of polypropylene-polyethylene-(1-butene)
terpolymer and the adiabatically expanded polyolefin structured foams. For this purpose, butane gas was used as a physical
blowing agent. Avrami equation has been used to interpret theoretically the experimental results obtained by either DSC or
polarized optical microscope. It is believed that elongation induced crystallization occurring during the adiabatic expansion
process has resulted in an increase in crystallization rate, eventually leading to a faster growth rate of spherulites and an
increase in the nucleation density. An analysis of the foam by SEM images showed that the structure of foam is uniform
(below diameter 30 um, closed cell) In addition, the thermal conductivity and the compressive strength of the polyolefin
structured foams was measured. The thermal conductivity of foamed resin with excellent insulation characteristics is
reduced compared with unfoamed resin. The compressive strength is decreased with increase in the expansion ratio.
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Figure 1. Thermal transition behaviors of unfoamed resin and foamed
resin. (a) unfoamed resin and (b) foamed resin.
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Figure 2. DSC isothermal crystallization thermograms. (a) unfoamed resin
and (b) foamed resin.
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Figure 3. Isothermal crystallization kinetic data : Avrami plots. (a) unfoamed
resin and (b) foamed resin.

Table 1. Estimation of the Number of Effective Nuclei for Unfoamed
PP Copolymer and Foamed PP Copolymer at Various Crystallization
Temperatures

Temp. Rate constant Avraml Half time Growth rate of Number of
(C) Ko™ Xy Sphenlit i emd)
n G{um/sec)
100 111*#10* 220 54.68 099 1.22#10°
Resn 103 343* 10° 224 86.13 063 9.64%10°
105  1.00%10° 232 12441 046 8.34+10°
107 938*107 258 192.18 029 7.96%10°
100 426%10* 210 3457 1.0 3.65+10°
Foam 103 132* 10* 211 59037 0.66 2.48+10°
105 560*%10° 214 84.37 049 2.14%10°
107 117*%10° 221 14531 030 2.00+10°
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Figure 4. Polarized optical micrographs of unfoamed and foamed resin.
Unfoamed resin : (a) at 107 C, 120 sec and (b) at 107 C, 210 sec.
Foamed resin * (c) at 107 C, 160 sec and (d) at 107 C, 210 sec.
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Figure 7. Molecular weight and molecular weight distribution between

unfoamed resin and foamed resin using GPC apparatus. (a) unfoamed
resin and (b) foamed resin.

Figure 8. Foaming product manufactured by butane gas as a physical
blowing agent.
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A71A G 2EA 71 9] A FE, £ frequency factor,
AG 1= Gibbs free energy, k= Bolzman ¢, T 2¥ &%, AP =
¥3} ¢, v T Ao} ®® ¥ AMgEE B3 AARle] A
AW B FHe A=A AP £ 23 g L
¥ 250 3 AFEL 4 & Ik ARG = Ao oJsha 3}
elo] IR 99l By 1] W] APEE Ao = A &
FE ZIEHA 7 do] Asi=d] Hagt 71Alg] ke FA3] 7
A ok meEb Z3tEe] IR A S vl Bolx|R|w
Az B dis A4 S5 =2 Hu 2= 4 30)E gl
ohi e Yok

Figure 102 7)2EA 9} LA (L 27} T2 £ A7) Ale]e) &
A=EZ 243 Aot njRxAe] AeE T Ao dvg WP
oJA Gojrl BEB|7t Zzt 758l HEA, 458<1 LT A} v LE
A2 AEE =4 A7 B¥y] 7589 BEAE AEET} 00323
keal/mhCo]™, 28] 4581 BHEA)E 0.033 kealimh®C 783 =2
EH SR 0184 kealimh CE zZh=t), 2¥v)o] wE wx A 2 n)
HEAY AT B4 vlaA X8} 2R 5 Axoly &4
A==7F 2 g vehia ek

EPSS] 75 dErt FHolAFE(50 kgm'olst F) Ball o7
dHdo] Fsl] diel GAE) SV SR Zeeuw

o



&Y
e
i

4
fe
o
o

0.20

0.154

0.101

0.051

The mal conductivity(Kcalimh.C)

0.00

Figure 10. Thermal conductivity of polyolefin structured foam with
various foaming ratio. (a) foamed resin (foaming ratio 75 times), (b)
foamed resin (foaming ratio 45 times), and (c) unfoamed resin.
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Figure 11. Compression strength of polyolefin structured foam with
various foaming ratio. (a) foamed resin (foaming ratio 75 times) and (b)
foamed resin (foaming ratio 45 times).
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