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Keywords Abstract
The present research has studied the effect of adding perlite and natural rubber nanoparticles with various

’Izloltyprcllpytl)%ne weight percentages on the tensile modulus and impact strength of polypropylene. For this purpose, different
P:rllijtr: rubber samples were produced and tested using an internal mixer based on the standards of tensile and impact tests.

Also, by using of response surface methodology (RSM), the role of input parameters on the responses was
investigated in order to achieve optimal mechanical properties and predict these properties with
mathematical models in the form of central composite five-level design (CCD). In addition, the SEM test
was used to observe the changes made in the microstructure of the samples. The results showed that the
addition of 7 wt.% of pearlite nanoparticles to the matrix containing 20 wt.% of natural rubber, the value
of the tensile modulus increased by 11.27% and the impact strength by 52.01% compared to the addition
of 3 wt.% of pearlite nanoparticles to the same matrix. The results of multiobjective optimization proved
that the optimal weight percentage of pearlite nanoparticles and natural rubber was 4.04 and 35.26% wit.
respectively. Is. In this case, the highest value obtained for tensile modulus was 508.04 MPa and impact
strength was determined to be 108.52 J/m. By observing the SEM images, it was concluded that the change
in the size of the elastomeric phase due to the use of different weight percentages of reinforcements has
caused the results of the mechanical properties of the samples to differ from each other.

Nanocomposite
Response surface methodology
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Fig. 1 The pictures of a) tensile test samples and b) low velosityimpact
test samples
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Fig. 3 The values of mechanical properties a) tensile modulus and b)
impact strength
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PP (wt.%) NR (wt.%) Perlite (wt.%) bdiges oS @,
70 30 0 PP70/N3o/Po 1
65 30 5 PPgs/N3o/Ps 2
65 30 5 PPgs/N3o/Ps 3
65 30 5 PPes/N3o/Ps 4
61 30 9 PPg1/Nzo/Pg 5
69 30 1 PPgo/N3o/P1 6
45 50 5 PP4s/Nso/Ps 7
85 10 5 PPgs/N10/Ps 8
53 40 7 PPsa/N4o/P7 9
57 40 3 PPs7/N4o/P3 10
73 20 7 PP73/N5o/P7 11
77 20 3 PP77/N2o/P3 12
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Fig. 4 Graphs of a) 2D b) 3D of the effect of interaction parameters on
tensile modulus
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Table 4 The values of mechanical properties of tensile modulus and
impact strength

Impact Strength (J/m)  Tensile Modulus (MPa) ladiges oS
66.89 + 0.3 527.35 + 0.94 PP+o/Nao/Po
77.99+ 1.1 627.66 + 3.89 PPgs/Nao/Ps
77.49 + 0.6 625.31 + 1.27 PPgs/Nao/Ps
77.25+ 0.5 627.1 + 2.43 PPgs/Nao/Ps
39.13+ 0.2 772.36 + 1.46 PPg1/Nao/Po
92.16 + 1.4 563.53 + 0.81 PPeo/Na3o/Py
196.48 £ 2.1 259.76 + 1.09 PP.s/Nso/Ps
45454 0.2 875.92 + 2.07 PPgs/N1o/Ps
10152 +£ 1.7 531.89 + 2.67 PPs3/Nyo/P;
147.46 + 1.9 368.5 + 2.96 PPs7/N4o/P3
34.87 £ 0.2 836.22 + 1.29 PP73/Nao/P;
60.91 + 0.3 719.72 + 1.98 PP77/Nao/P3
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Table 5 The obtained result of analysis of variance for tensile modulus

Poore  Fosl  ololue  Slup gsene b el )y
0.0001> 273.46 69646.36 3.482E +05 Aiged
0.0001>  1166.16 2.970E+05  2.970E +05 N
0.0001> 159.21 40548.00 40548.00 P
0.2018 2.16 549.67 549.67 NxP
0.0104 15.93 4056.19 4056.19 N2
0.0338 8.40 2140.08 2140.08 p?
............ 254.69 7.18 Residual
0.0035 281.06 423.47 7.06 Lack of Fit
R? 0.9927 | R? Adjusted 0.9964
Precision 53.3912 | R?Predicted 0.9633
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N2 +2.632 x P? (2) Actual Eq.

Tensile Modulus (MPa) = 623.23 — 157.32 x N — 58.13 x P — 14.50 x
N2 +10.53 x P? (3) Predicted Eq.
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Fig. 5 Graphs of a) 2D b) 3D of the effect of interaction parameters on
impact strength
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Table 6 The obtained results of analysis of variance for impact strength

Peuye  Fogel  Jololuye Sl ggexe b el by
0.0001> 376.91 4699.13 1022.82 Aged
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0.0001> 211.87 2641.52 2641.52 P
0.0372 7.94 99.00 99.00 NxP
0.0001> 181.49 2262.76 2262.76 N?
0.0135 13.96 174.02 174.02 p2
............ 12.47 62.34 Residual
0.0263 37.13 20.68 62.05 Lack of Fit
R? 0.9947 | R? Adjusted 0.9974
Precision 61.6884 | R?Predicted 0.9723
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Fig. 7 The effect of material parameters on a) tensile modulus and b)
impact strength
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Fig. 8 The curves of optimal parameters in maximizing of tensile
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Fig. 6 Comparison of experimental and predicted data for a) tensile
modulus b) impact strength relative to the diagonal line 45°
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