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Research subject: Well-designed plastic foams, with respect to their
cell density and cell size, open-or-close cells, and the cell uniformity,
compared to their counterpart unfoamed plastic parts, beside of having
the advantages of less material consumption, dimensional stability, bet-
ter processability, and a higher surface quality, they can have superior
mechanical and physical properties, including strength to weight, im-
pact strength, thermal and dielectric properties. The temperature distri-
bution in the different zones of the extruder, the qualities and quantities
of the nanoparticle additives and their dispersion in the polymer matrix
can have significant effect on the mechanical properties of the produced
foams by the extruder.

Research approach: In this study, using an extruder, MA-g-polypro-
pylene microcellular foams, containing 3, 7 and 9 wt. % of nano-clay
particles, were produced under three temperature arrangements on the
extruder and the material and the processing effects on the mechanical
properties were investigated.

Main results: The result of this investigation shows that adding of
nanoclay improves the mechanical properties of MA-g-PP.s foams. As an
example, the results show that the sample with 7 wt. % of surface mod-
ified nanoclay, owns about 10% higher impact toughness compared to
the samples produced without nanoclay. Also, for the same samples a
rise of about 5% was recorded in Young’s modulus. The microstructural
studies of the produced foams by scanning electron microscope (SEM)
show that adding of nanoclay can result on more foam uniformity and
smaller cell size. In this study, the smallest average cell size (87.5 um)
and the lowest density (0.3 g/cm?®) were recorded for a sample with 7
wt. % nanoclay.
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Table 1 Temperature of extruder zones at different working conditions (°C)

Mode Zone 1 Zone 2 Zone 3
Work condition 1 160 180 160
Work condition 1 180 200 170
Work condition 1 200 220 190
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Fig. 3 Stress-strain diagram of the samples
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Table 2 Mechanical properties of the samples extracted from tensile test

Sample | Presence of | Thermal Yield Elastic Impact | Elongation
name Nanoclay | modeinthe | stress | module | Streangth at Yield
(%) extrud (MPa) (MPa) (J/m) (%)
A 0 2 33.2+#1.5 | 1257463 | 55.2+#2.7 | 10.65+0.32
B* 7 2 34.6x1.4 | 126360 | 57.3+2.3 | 9.32+0.41
€ 3 1 35.4+1.4 | 1256269 | 56.9+2.9 | 9.64+0.35
D 3 2 36.6x1.5|1269+62 | 58.4+2.1 | 9.35+0.40
E} 3 3 35.2+#1.6 | 1273465 | 57.8+2.2 | 9.45+0.44
F 7 1 37.5+1.3 | 1292+66 | 59.6+2.1 | 8.65+0.32
G 7 2 40.9+1.3 | 1320+71 | 65.5+¢3.1 | 8.55+0.36
H 7 3 38.2+1.6 | 1302x65 | 60.2+3.2 | 8.56+0.39
I 9 1 37.4+1.6 | 1374%60 | 58.6%2.9 | 8.67£0.32
] 9 2 39.3+£1.5 | 1294457 | 59.7+2.8 | 8.68+0.34
9 3 38.5+#1.4 | 1300£68 | 59.8+2.8 | 8.76+0.39
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Fig. 4 Stress-strain diagram for the samples with/without nano-clay additive
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Fig. 5 Impact strength for different polypropylene-nanoclay nanocomposite samples
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Table 3 Cell morphology of the polypropylene-nanoclay foams

Sample | Presence | Thermal | Foam density | Mediumcell | Medium cell

name | ofNano- | modeinthe | (g/cm?) size(um) density (number
clay (%) | extrud of cells/ cm?x10°

A 0 2 0.431%0.022 | 160.5+8.3 0.22+0.02

B* 7 2 0.392+0.019 | 132.7+6.8 0.33+0.01

C 3 1 0.301£0.018 | 86.5%4.2 1.31%0.06

D 3 2 0.311%0.022 | 87.0%4.5 1.26+0.05

E 3 3 0.315+0.021 | 87.9%4.3 1.25+0.03

F 7 1 0.313+0.020 | 87.8+3.2 1.33+0.03

G 7 2 0.321%0.023 | 87.5#3.8 1.3620.04

H 7 3 0.319+0.019 | 87.0+4.4 1.22+0.03

I 9 1 0.320+£0.016 | 87.0%4.2 1.25+0.02

] 9 2 0.315+0.017 | 87.6%4.3 1.23+0.04

K 9 3 0.399+0.021 | 87.4%4.1 1.32+0.03
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Fig. 8 Scanning electron microscope image of sample A (without additive) and sample B (with %4 clay additive without
surface treatment) samples containing %3 nanoclay surface treatment produced in working modes: C) one, D) two,
and E) two, samples containing %7 nanoclay surface treatment produced in working modes: F) one, G) two and H) two,
samples containing %9 nanoclay surface treatment produced in working modes: I) one, J) two, and K) two.
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Fig. 9 Cell size distribution of the polypropylene samples with and without nanoparticles
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Fig. 10 Cell size distribution of polypropylene samples containing %7 and %9 surface modified nanoclay
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Fig. 11 Cell size distributions for the polypropylene samples produced in working condition 1
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