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Investigation of mechanical properties of polypropylene-based hybrid
nanocomposites using experimental design
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School of Chemical, Petroleum and Gas Engineering, Iran Uinersity of Science and Technology, Tehran, Iran.
*P.0.B. 16756-163, Tehran, Iran, mfasihi@iust.ac.ir

Keywords Abstract

Polypropylene Polypropylene has a poor toughness and impact strength. So, it needs to modification for some applications.
Nanocomposite Addition of elastomers to PP to enhance the toughness is a traditional way, but it causes to decrease of the
Tensile properties modulus and tensile strength of products. In this research a hybrid composite system including PP, thermoplastic
Impact strength elastomer, nanoparticle and compatibilizer was prepared by melt mixing method. The interaction effect of
Experimental design nanoparticle, thermoplastic elastomer, and compatibilizer on the tensile and impact properties of composites were

studied using the experimental design technique; response surface methodology. The results of microscopy
analysis showed that the blends were two-phase, where thermoplastic elastomer was dispersed phase. The
elastomeric particle size was in the range of 100-400 nm and by increasing the rubber content, rubber particle size
increased. Nanosilica dispersed in the presence of compatibilizer had a particle size between 40-90 nm, while the
lack of compatibilizer created some agglomerations of nanoparticles. As elastomer content increased, the strain of
failure and impact strength of nanocomposites increased, while the Young modulus and tensile strength were
decreased. Addition of nanosilica to the PP in the absence of compatibilizer lowered the tensile and impact
strengths. While, addition of nanosilica along with compatibilizer improved the tensile modulus of blends.
According to the experimental design results, some mathematical relations were presented to predict the
mechanical properties. The optimal hybrid nanocomposite had significantly higher impact strength than pure PP
while their moduli were in the same order.
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Table 3 Tensile properties of samples

(1) el 25,5 (Mpa) Kb Jsoe  (MPA) 2 plSovis]  lodigas oS
13.3+2.5 1071.6+22.0 35.2+ 0.8 PP
16.9+3.0 981.0+£20.8 28.9+0.5 P1
16.8+1.2 983.4+12.4 28.740.2 P2
11.7+#1.8 1065.6+25.3 33.440.9 P3
19.7x4.4 926.5+18.7 27.320.5 P4
8.51.6 870.547.4 26.320.7 P5
19.4+3.4 978.9+14.8 28.8+0.4 P6
20.5+0.5 967.7+24.9 26.1+0.2 P7
16.8+4.1 987+14.4 27.8+1.3 P8
19.4+1.1 896.8+5.9 24.5+1.2 P9
9.9+1.4 952.9+27.2 28.3+1.0 P10
8.4+2.2 1054.9+35.7 32.3+2.6 P11
12.340.5 1008.6+26.5 30.5+0.3 P12
27.6+3.4 761.1+28.7 23.620.4 P13
14.8+2.4 1133.7+14.1 33.0£0.4 P14
9.3£1.5 1039.3+18.3 30.4£0.7 P15

2 Coalescence
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Table 1 Factors and levels used in the Box-Behnken design
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Table 2 Composition of samples using Box-Behnken design

ooiiS S5l o () Kikewsil (D) yogia¥l aaigeiaS
0.5 6 15 P1
0.5 6 15 P2
1 6 10 P3
0.5 3 20 P4
1 3 15 P5
0 3 15 P6
0.5 9 20 P7
0.5 6 15 P8
0 6 20 P9
0 9 15 P10
0 6 10 P11
05 9 10 P12
1 6 20 P13
05 3 10 P14
1 9 15 P15
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Table 4 Anova analysis for evaluating model

R? e G315l ldoe
0.75 1.44 Linear
0.76 1.42 2FI
0.66 1.70 Quadratic
0.95 0.59 Cubic
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Tensile Strength (MPa) = 28.22 — 44A + 098 —
0.025C + 0.324B + 1.1BC + 0.414% + 0.41B% +
1.83 A2B + 1.84 AB? @)

N D*=201.94nm

=D2=80.28 nm

VEGAWTESCAN

VEGAWTESCAN
1pm

Fig. 1 SEM images of sample (A)P3 and (B)P11
PLL(B) 5 P3 (A) 4iges SEM (sl o 1 S
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Fig. 2 SEM images of sample (A)P11, (B)P14, (C)P10 and (D)P9
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Modulus (MPa) = 983.8 — 115.6A4 + 35.7B — 5.5C +
41.6AB + 36.6 AC + 48.7BC +4.7A% + 20.6B% —
43.9C? — 56.7 A’B — 25.74%C + 53.6 AB? (3)
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! Brittle —ductile transition
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Fig. 3 Interaction effect of different factors on the tensile strength of

samples

B: silica

- (a)
i 1 Il 1 1
-1.00 -0.50 0.00 0.50 1.00
A: TPE
B C: pp-g-MA
m C--1.000
A C+1.000

 (b)
| | | | |
-1.00 -0.50 0.00 0.50 1.00
A: TPE
- (c) Cipp-g-MA o ¢ 1000
A C+1.000

-0.50 0.00

B: silica

0.50 1.00

b diges iiS plSouiul iz ‘5L:o)5.’;SLéJ.;LE.:.n).‘}'|3JS.&



www.sid.ir

Fwad Seze 9 )9 S e

Oinle)T b oS @ g b Ak 2 G ud Sl 91elS 5L Suilse Lolgd w2

ol 00 00l Lizs BB S o canSn (55,5 (g9, 0 Sedow @l 346 31
Gials L ol 538l b ekl 55,5 wgd oo o 45 shailen
Al ey 4 cos Dldgl cdo cuals Jds 4 Al ! b e
el 008 s caSs i3S Gl o a5l jeas Ll ol
S Moz Sgy o 0S5l jeax a5 cul Lo pl 4 dles
S b Jad 5SS 005 (o0 o 9 0005 (S realy i ile g D30
e glast

Omb oo, 1o euS Bl jeam a5 aes e plis 5C S
WYL oo, o Ll o) 6,80 cuss 1,5 Lo,® jegiwYl
95,5 o G 5 Syt o i

S5l (b Jan g o i e slebar iz Jas
el 00 00l ylias (4) dolee oSSy 13,5 gl

Strain at break (MPa) = 16.87 — 6.7A — 2.1B — 2.88C +
0.77AB + 1.2 AC + 2.25BC + 2.44A% + 2.53B% —
2.56C2 + 1.75 A%B + 5.73A%C + 3.42 AB? 4)
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Table 5 Impact Strength of samples

(KIM?) o5 plSnl laiges o5
42+0.7 PP
12.3£1.8 P1
135+2.3 P2
32.7+3.9 P3
41.4+5.3 P4
24.9+1.7 P5
27.2¢3.4 P6
34.9+4.8 P7
12.742.7 P8
38.045.4 P9
19.645.9 P10
7.9£2.2 P11
14.3+3.7 P12
42.6+4.5 P13
11.9+2.7 P14
23.1+4.1 P15
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Impact Strength (2£) = 12.74 +9.84 - 2.4B + 03C —

2.2AB —5.2AC + 1.5BC + 9.7A* + 3.2B%? +
7.8C% + 1.35A4%B + 6.87A%C + 2.7AB? (5)
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Table 6 Predicted formulations with optimal modulus and impact
strength
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Fig. 5 3D plots of elongation at break of composites as a function of
different factors
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Fig. 6 Interaction effect of different factors on the impact strength of
samples
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