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ABSTRACT

applications and engineering purposes, especially electromagnetic wave
absorber materials, has attracted research studies. In this work, polypropylene
nanocomposite and hybrid foams incorporated with carbon nanotubes and glass fibers
were produced through solid-state microcellular foaming using supercritical carbon
dioxide.

Methods: First, the microstructure of nanocomposites, hybrids, and produced
foams were examined by scanning electron microscopy. The electrical properties
and electromagnetic interference shielding performance of the solid and foamed
nanocomposites were investigated using a four-point probe method and a vector
analyzer, respectively. The effect of glass fiber and CNT incorporation on tensile,

compressive, and impact mechanical properties was also investigated.
Findings: Nanotubes were finely dispersed in the polypropylene matrix through melt
microcellular foam, compounding. By incorporation of CNTs, the average cell size reduced (from 49 to
22.5 um), and cell density increased. Also, the SEM micrographs of the hybrid foams
revealed that, in general, cell size increased by incorporating fiber due to nearby
hybrid, heterogeneous nucleation, and the size of cells that were not adjacent to the fiber
electromagnetic decreased. As a result, a bimodal microstructure with two different cell sizes was
: o obtained. With the incorporation of 3 wt% CNTs, electrical conductivity increased
interference shielding,  from 1.7 x 107 S/em t0 4.7 x 10+ S/em for unfoamed PS/CNT3 and from 1.6 x 10 S/cm
mechanical properties t03.36 x 10~ S/cm for foamed PP/CNT3-F. Also, EMI shielding effectiveness increased
to 11 dB and 9.5 dB for unfoamed and foamed PP/CNT3 samples, respectively. The
mechanical test results showed that the addition of nanoparticles help to improve
mechanical properties, including tensile, compression and impact. In solid samples,
the addition of glass fiber improves the modulus and tensile strength, but due to poor
interaction with polypropylene, it reduces the tensile properties of the foams. The
results of both compression and impact resistance tests of foams showed that these

properties are enhanced with the addition of fibers and nanoparticles.

l lypothesis: Nowadays, lightening of polymer composites for specific

nanocomposite,
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Table 1. Microstructureal characteristics of the prepored foams.

Average cell size Foam density Cell density Expansion
Sample

(um) (g/em®) (cell/cm? x10°) ratio

PPneat 49 0.068 7.94x107 13.5
PP/CNT1 322 0.077 1.78x10% 11.9
PP/CNT3 22.5 0.094 4.86x108 9.8
PP/CNT3/GF5 39.9 0.081 2.27x108 11.5
PP/CNT3/GF10 254 0.088 1.78x10° 10.5
PP/CNT3/GF20 314 0.106 5.83x10% 8.9
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composites and foams, and (d) specific EMI shielding efficiency.
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Fig. 4. Stress-strain curves of the samples in (a) tensile and (b) compression mode.
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Table 2. Mechanical properties of prepared samples.
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Sample Young Yield stress Elongation at break (%) Tensile strength Toughness
modulus (MPa) (MPa) (MPa) (MPa)
PPneat 360.7 244 547 40.5 14181
PP/CNT3 378.1 24.6 516 36.9 12591
PP/CNT3/GF5 395.2 249 458 322 9788
PP/CNT3/GF10 490.4 27.8 385 31 8494
PP/CNT3/GF20 522.3 27.1 256 20.6 4797
PPneat-F 63.3 * 354 13.1 3492
PP/CNT3-F 84.5 * 341 13.7 3400
PP/CNT3/GF5-F 523 * 288 10.1 2164
PP/CNT3/GF10-F 48 * 235 8/7 1463
PP/CNT3/GF20-F 41.1 * 157 32 821
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Fig. 5. Izod impact strength.
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