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Mechanical behavior of nanoperlite/nanoclay hybrid nanocomposites based on
polyethylene: Experimental and numerical validation of hyperelastic models
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This contribution concerns preparation and characterization of low-density polyethylene (LDPE) melt-
mixed blends in the presence of organically-modified montmorillonite nanoclays and silane-modified nano
perlite. Dispersion state of hybrid nanofillers was observed by scanning electron microscopy (SEM)
technique. A significant increase in average roughness of fracture surface of polyethylene with addition of
hybrid nanofillers and intensive ridges and valleys are observed in the samples. Crystallization and melting
characteristics of LDPE nanocomposites reinforced by hybrid nanoclay/nanoperlite were studied by
differential scanning calorimetry (DSC) in isothermal mode. Hybrid nanofiller incorporation increased
crystallization and melting temperature which can be related to high interaction between polymeric chains
and hybrid nanofillers. The results of mechanical investigation revealed that Young’s modulus and tensile
strength of LDPE are improved with introduction of hybrid nanofiller. Six constitutive models, Yeoh,
Arruda-Boyce, Mooney-Rivilen, polynomial, Van der Waals, and Odgen were applied to investigate the
stress-strain behavior of LDPE/nano clay/nano perlite nanocomposites. It was concluded that the ability of
these models to predict the true behavior of the nanocomposite samples directly depends on the amount of
hybrid nanofiller. Results showed that Arruda-Boyce, Van der Waals, Yeoh and Mooney-Rivlin models show
more deviation from experimental data in all nanohybrid filler content, whereas the others, Ogden,
polynomial (2), can be used for all samples.
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Nanocomposites
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Fig. 1. SEM Micrographs of LDPE-Based Nanocomposite: (a) Control

or pure LDPE, (b) P2C5, (c) PACS5, (d) P6C5 and (e) P9C5
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Fig. 3. DSC curves of hybrid LDPE nanocomposites with heating rate
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Table 3 Melting and crystallization temperatures of hybrid
nanocomposites based on LDPE/nanoperlite/nanoclay

[kl Gy s e 550alS il (slo diged (i jsl slod 5 93 (slos 3 Jgur
o5l [ gl
Aged oS (315 5lw) 93 sles (31,5 ol ) (Ko ysls slod

Control 110.3+0.3 95.5+0.2
P2C5 112.4+0.7 97.8+0.5
P4C5 114.5+0.1 100.5+0.6
P6C5 117.8+0.9 102.3+0.8
P9C5 120.1+0.2 1047+0.1

Codp 9 00,0 9 ool CujaelS il 4 bgype DSC jloges jo Crizen
odnline job JoSad glos 5 g (sled ciul3sl Wig) 5w () 6l o, 5 g
o8 stiles az 50 120 sg0 j0 Co;50lS50 ol (gl isd alaki 050 o
230> 0 Gyl Slo iy S8 > 0,8 )ledo 4 g e ]y E505e 0

1291 csls by o ly3 gl g youly (YL 2iSpop e 40 gl 13

Sl el -2-4

42,3 150 b jao sles 51 DSC (05T (30,80pm 5 59,5055 a5
el 4i50 y S8 b a3 10 s & &5 oSl 5 915
2 IS 0 alls sl b aiges 4 bgspe DSC Jloges Jlie ylgie a0
5l aS sl ool ools (ylits Hloges (rml 50 1SS e el 00 00 4]
oged 6V 53 Loy e 5 3,5 Iy 1y g sles olgign Joges ol T4l
Iy baiges ;o Hob JoSis sloo olgi oo o) ald 3l as ol ool ools lis
30 A sl b o9d sles canl asein loges jo aS el les il
95 Gleo sga> o 5 jel LS5 sleo g o5 il a0 110 sles

el 0as yalls of F il a0

£ sbalases Sl (Pls> 595 2 shedsl Sl e cvelin ln
ol &yl 4 S5 93 US540 o el (00,5 9 pm 5 30 5
2 Sapsk sled 5 ogd sles alaz 5l (zmiwle S (505l (lwosls .l
Sl ol 5l Jols slacsls 3 DSC jloges .l oads al,l 3 Jgoo
45 23 e Ghaled sl w0 5 g Cul sl w0y 2 (g5l salssil
@yl Gl Ll cle a oo sl JSas gles 5 osd sl
ol il ax,0 97 5 112 slales ,o alais g0 cpl 4 bgsye ald 55
los 5 3 slod 355 n 00y b SUSE o 45 jsbilas il e
o ol plizmen woyo 4w Cul gl ao s IR L 5 sk oSt
b ogi oo yoll of F bl ax,0 100 5 114 lales jo i i as 5 ol
9d aai L cwl i MalS Wiy, ol ol 9l ds e LioliEl 4 ax g
90 oysili 0oy 5 g Sy ol w0 6 (ol o jeelSail cal ol
- ol az 50 102 sga> 50 5 sl LSad gles 5 ol il a0 117

sl o olF
2
i
Exotherm
1F
)
E
z
£ 0f
z
o
=
g
T Lk
Endotherm
;) 1 | 1 1 L
0 30 60 90 120 150
Temperature (OC)

Fig. 2. DSC curves of pure LDPE (control sample) in heating/cooling
cycle, (heating/cooling rate 10 °C-min)
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Table 4 Variation of mechanical data of hybrid nanocomposite based
on LDPE/nanoperlite/nanoclay
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Table 5 Material parameters of hyperelastic models for LDPE hybrid nanocomposites
LDPE (s 52 o905l sl gas sl laniS ol slo Joo @ bgs o Colgs S Jgur

Model Arruda-Boyce Ogden 3
Sample H Mo £m R? e U2 M3 oy o o3 R?
Control 2.15e-2 4.30-2 143550.1 0.75 16.250 1.196 -17.681 -0.461 1.062 -0.757 0.998
P2C5 3.8%-2 6.89%e-2 126216.3 0.84 28.009 0.274 -29.191 2.36e-2 1.465 -0.307 0.994
P4C5 0.243153  0.11015 184.939 0.73 1.696 11.223 -22.451 1.282 3.487 -6.974 0.993
P6C5 0.748175  0.24067 151.86 0.80 9.134 -7.48e-3 -11.371 1.131 2.438 -2.216 0.994
P9C5 0.494785 0.292 73894.77  0.72 9.709 0.2799 -11.619 1.372 2.006 --3.097 0.995
Model Mooney-Rivlin Van der Waals
Sample Cio Co R? n A a p R?
Control 1.25e-2 0.399414 0.84 0.113826 239.6918 2.36e-2 0 0.84
P2C5 3.02e-2 0.160215 0.79 0.185363 227.1432 2.47e-2 0 0.82
P4C5 7.53e-2 -7.22e-2 0.75 9.65e-2 10385.78 -7.74e-3 0 0.76
P6C5 0.133152 -6.65e-2 0.80 0.244209 7269.805 6.12e-4 0 0.74
P9C5 0.143339 1.86e-2 0.72 0.449977 159.2765 2.66e-2 0 0.75
Model Poly nomial N2 Yeoh
Sample
p ClO COl CZO COZ Cll Rz ClO CZO C30 Rz
Control 1.51e-2 0.2639 5.24e-6 1.19e-2 -496e-4 0.997 5.21e-2 -8.24e-6 5.72e-10 0.91
P2N5 5.46221 -7.0002 2.31e-6 -1.35822 -2.12e-4 0.996 8.67e-2 -1.50e-5 1.16e-9 0.89
P4C5 9.36851 -12.1404 1.01e-5 -2.3211 -7.84e-4 0.997 4.68e-2 1.81e-5 -3.49e-9 0.79
P6C5 8.17446 -10.0781 5.85e-5 -1.9598 -3.86e-3 0.996 0.120727 2.71e-5 -9.31e-9 0.75
P9C5 8.37623 -9.4917 4.81e-5 -2.02749 -3.08e-3 0.993 0.21846 -2.65e-5 1.15e-9 0.74
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