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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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Fig. 2 Schematic of the used extrusion in this study
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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 | 1257+63 | 55.2+2.7 | 10.65+0.32

B* 7 2 34.6+1.4 | 126360 | 57.3+2.3 | 9.32+0.41

€ 3 1 35.4+1.4 | 1256+69 | 56.9+2.9 | 9.64+0.35

D 3 2 36.6+£1.5 | 1269+62 | 58.4+2.1 | 9.35+0.40

E} 3 3 35.2+1.6 | 1273+65 | 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 | 1302+65 | 60.2+3.2 | 8.56+0.39

I 9 1 37.4+1.6 | 1374460 | 58.6+2.9 | 8.67+0.32

] 9 2 39.3+1.5 | 129457 | 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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-
B

115
' I
'
62 : 1
T 1
a 60 - L
: I3 T
5 58 rIl I1 ! J.':—I}I: OWorking condition 1
ST i
g 56 'I: i ' ! : i3 Working condition 2
- I 1 . e
Fn“_ 54 : : ! E : 12Working condition 3
[
E 5 | i ! { !
i i i :
50 L_1 —_— -
3% 6% 9%
Nanoclay percent(%)

Sl Col yoy9ib s y0 (o) Lyl i clls o ) alides ()5 slacdle )0 ouls adgi sladises anslas £ IS0
Fig. 6 Comparison of samples produced in different working conditions (in each working condition, the percentage of

nanoclay is constant.)

oy = (oo (cwiino 60,5 G (gl ol Al G (LABgR (oole alilad |\ Y


https://arcpe.modares.ac.ir/article-38-47964-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

SEM L (sodgi pgd sladigad .l JA5 31 ((g5laspsd
b b i Oy e L aid S )18 () 99
098 Sl A4S A dged 09h (s ool (09—
)L_.MJ ‘_gLas‘_JZl_..u o)'l\.\_i‘ (- )l_’ 6)t$Lw 6‘)") i
agas 40 5L Lacws oo L g bl .ccul F )50

70 4
60 - B el
_I_Eq'I': —I—E
_ 50 |
© |
S - :
E] Lo
L 1
§3U i
# |
g 20 - | 1
@ 1
e 1
E 10 - ,
1
0 | |

~Okisnah Slopg (Sl elyt sluan
S50 dlin 5,5 lacdl o oo Jg sladises

50 48 g oo odalin V¥ ST 0 a8 S 8 )y
b dn Sglie ) Sy il Bl L )5 el
0dd adlal Ly ooy aS ey o Lel wol o il
J— Al an o an Sglie oo 75 e VI

__I__
TEY e TES
1 1
1 1
1 1
1 1
1 1
| | 0O 3%
1 1 223
1 1 [ 6%
1 1
1 1 " 9%
1 1
1 1
1 1
1 1

Working condition 1 Working condition 2 Working condition 3
Nanoclay percent(%)

Gz 6,5 glacdls o a0 a4 Cwglan Jlogad ¥V SS
Fig. 7 Diagram of impact resistance in different operating modes

0d— ol i Jus (C.E_w C)L"‘ O99—= u,..»)j_'ol.i 651—") B
Pj_e 6L®4.:9.~ 6‘)—’ 0095 u—lli> D0 gy A Mwls
039 &> ol oa i 03,91 ¥ Jgo> ,o calies
STl A agel 0095 ay S0P B agel dn bgye
sl S pp sl sl Sl g 3 ar
oslaslda Jobow B> i g3lwpsd Ll i L Jo
wlie Ladiges ;5 sl 0355 (B 9 b Jolw

JSlony owyp)-T-Y
5 52938 09— sLapsd I SEM I, 55,500 A JS 2
D5 1y il 0 8Ll LTy oy 45 o
el ST 5 Bl SalS Lpgd s o s
o 50l 5l ol (HBE 5 Jshows ejlail (55, ()50
o3lasl oyl 5l eolai ol o wl ai sl glyuy 36
(S Hbar a5 Ewlosls i ) pod (s g ol
c=lB L Job (s 5 a4l ialS Jolow o5la]
a8l il Lace jomalS il ploos (sl (930 (e
595 P95 S5 at>y0 50 (5 It S0 ol
3ol ysizmans el 3 il ey Lal IS
o sl Jaole aS o d sy (6 peely a0
PP See ymrgal Sl gl IS ann s
JS=8) (9938l Ggom pod am Lo pe (g (9 Sl
S5 9 a—d Jobw sloslixl saimslzi (A-A
S Job B L Job (- Senl sLaanl
3 o5 (P9 oSy S gl Sl il

Ay dn Cnglie Cdl g LS g 0 )0 oz
aS Cul ol ks A ol a S 05 0 o cnalin
9 O a3 glS 5l (g v s St il L
Wged ;0 45 59k an 0t oo T )y S @
S92 ySTa ()95l S gz oo y9l (59 U
Sg—ise 09 ;355 sLpaols LS i3 g s,
Sohd aldols ol o5 4 led e |y divs 0l a S
o 3 d9ga (I3 (ally uily (59,5 ;b 5 S0,
olid L 5 o liadsd ol Caid w9l IS
Saglio )9l g9 g 9oy elwl jm a S ams s
ot (P Sk lacajerelS 4yl 4y
S A sle S (Vb o 1) ol Jds 0B o

Lea] wlails dsyb dy Coglie ,

ool ol pgd HLSLw Y-V
(o)=L 39 ey b onal e 4 S 5 bijlen
Slpdigas ploeul 2l (g9, bl 50
(- C—’L-’ Golas a S el dls 055059l pad
Lol plioriul ¢ yoshy pod aine) ay (o)55b (3954
s.,‘_~l.>l3 9 ] OO)J L)._,.s k}.._>|).9‘ 6)&@_m> )5_194.:
ol o8l (Vo 1) S belup,y jo 5l aw sls
25k T 00 e (V ol (Siale sl e
Pl el s (S 2,8 Gl B (g s -k
dhwly a oyl —odagnh ey el
Wyl Sle a g 3l oolai il g o yg5b 0953
Sy (b i d oo Sl ;51 90 o oz
aolyd by ol e oloml jo s st i)S

YIY ok — oo (ot 21 Lo Aoy (sl Ay o (Shupgy (ool aolilad


https://arcpe.modares.ac.ir/article-38-47964-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

wlmanh e (SHlKe oly (o5leasa

o9l —Ohns sk Sl el 8l lapsd (o ¥ Jsur
Table 3 Cell morphology of the polypropylene-nanoclay foams

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

name | of Nano- mode in the (g/cm?) size(um) density (number
clay (%) extrud of cells/ cm3x10°

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

€ 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

] 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 1.36+0.04

H 7 3 0.319+0.019 | 87.0x4.4 1.22+0.03

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

J 9 2 0.315+£0.017 | 87.6x4.3 1.23+0.04
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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working mode3 (E, H, K)
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