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ABSTRACT

The production of rigid polypropylene (PP) foams is very challenge due to
the limitation of its regular ordered structure that so called “crystalline regions” to the
foaming. This interior structure influences many properties of the polymer and the
processability. Most frequently, in the foam manufacturing, the crystalline regions are
a relatively effective barrier to diffusion of gases, especially in a solid-state batch
foaming process. Moreover, using of PP material in the continuous foaming process is
related to the weak melt strength during the process as results in the difficulty to
maintain the volume expansion ratio and the shape of final PP foams. Therefore, this
research was motivated to solve the problem in the processability with different PP
materials (i.e., Moplen EP 380T, SW-844 and Honam SMS-514). Moplen EP 380T,
SW-844 PP was used in the solid-state batch foaming process in order to produce the
microcellular PP foams and the Honam SMS-514 PP was used in the continuous
foaming process (a tandem foaming extrusion system) in order to fabricate low-

density, fine-celled PP foams. For the solid-state batch foaming process, the
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advantage of solvent plasticization was utilized to lower the crystallinity in the PP
matrix with different sample thicknesses (i.e., 0.5, 1.0, and 1.5 mm) by including a
solvent-swelling step into the process. The effects of solvent plasticization and
processing conditions on the foam characteristics either a physical appearance
(density and cellular morphology) and mechanical properties (tensile properties and
impact strength) of the final microcellular PP foams were investigated compared to
un-foamed PP sheet and non-solvent PP foams. As the experimental results, the
crystallinity reduction of PP evidenced the significant performance of solvent to allow
a high content of gas to be absorbed into the polymer matrix during the process as
resulted in a high density of nuclei. Whereas to achieve the same amount of cell
density, non-solvent samples required a high foaming temperature (100 °C to 165 °C)
but including the solvent-swelling step could generate the microcellular morphology
in PP at low temperatures (i.e., 25 °C or 50 °C). However, the sample thickness
slightly affected on the foamability and cellular structure as the cell nucleation
behavior of thin sheet (0.5 mm) was more easily generated than that of a thicker one
due to the different heat transfer through the different thickness of PP sheet as clearly
seen in the chloroform-swollen foams at low temperatures (25 °C and 50 °C).
Furthermore, including the swelling step in the foaming process the foamed samples
possessed a superior impact strength compared to those of un-foamed samples and
non-solvent foams. Although, the tensile properties of the foams seemed to be less
than those of the un-foamed samples but more flexible PP products could be
accomplished with the microcellular structure (3 to 8 um in cell size and 10-10%°
cells’‘em® in cell density). On the other hand, in the continuous foaming process,

utilizing different amounts of fine talc particles (i.e., 0.8, 1.6, and 2.4 wt%) and CO;
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gas (1, 3, and 5 wt%) could nucleate the fine-celled morphology in the foams and the
required volume expansion ratio could be successfully achieved with the suppression
of cell collapse using high-melt-strength (HMS) branched PP material, an optimum
die temperature, and an optimum pressure drop rate of the filament die (0.86”/0.037”
of length/diameter ratio). The results showed that the expansion behavior of the foams
was governed by two mechanisms; the gas loss phenomenon at high temperatures and
the crystallization of polymer at low temperatures. These were clearly observed at
high CO; contents (3 or 5 wt%). The optimum foaming temperature tended to shifted
to lower temperatures because of the plasticization effect with the increased CO;
content. However, the maximum expansion ratio up to 12-14 folds with the maximum
number of cells up to 10°-10° cells/cm® and small cells (less than 0.02 mm) of the

final PP foam was successfully obtained at 0.8 wt% of talc with 5 wt% of COx.
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