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Experimental analysis of tensile properties nanocomposites based on
polypropylene/ Carboxylated Nitrile Rubber /Silica nano powder by using
response surface methodology
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Faculty of Mechanical Engineering, Shahid Rajaee Teacher Training University, Tehran, Iran
*P.0.B. 1678815811, Tehran, Iran, m.sheikhi@sru.ac.ir

Keywords

Polypropylene Abstract

Tensile properties In this study, tensile properties of nanocomposites based on polypropylene/ Carboxylated Nitrile Rubber

Silica nano powder /Silica nano powder (PP/XNBR/Sic) were studied by using response surface methodology(RSM). The

Response surface design of the experiment was carried out using Box-Behnken of the RSM method. The samples were

methodology produced using a co-rotating twin screw extruder including 0,2,4 Wt.% of nano particles, 0, 5, 10 Wt.% of

Nano composite carboxylated Nitrile Rubber and 0,3,6 Wt% of Polypropylene-g-glycidyl Methacrylate (PP-gMA) as
comptabilizer. tensile test was carried out to obtain tensile strength, elastic modulus and elongation at
break of nano composites. The results showed that elastic modulus and tensile strength of nanocomposites
were increased with addition of nano silica powder by 45% and 9% respectively. Also, the presence of
XNBR was increased elongation at break by 39% and increasing the comptabilizer factor (PP-gMA) has
slightly increased the tensile strength. In addition, it was found that XNBR has the greatest effect on tensile
strength and elongation at break and silica nano powder has the greatest effect on elastic modulus. Finally,
a regression model was obtained for tensile strength, elastic modulus and elongation at break, respectively.
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Table 1 The BoxeBehnken experimental design.

S5 oles  Nanosilica XNBR PP-gMA
(wt%) (Wt%) (wt%)
1 0 0 3
2 4 0 3
3 0 10 3
4 4 10 3
5 0 5 0
6 4 5 0
7 0 5 6
8 4 5 6
9 2 0 0
10 2 10 0
11 2 0 6
12 2 10 6
13 2 5 3
14 2 3
15 2 3
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Fig. 2. SEM images of the samples with a) XNBR=5 wt.%, nano
silica=4 wt.% and PP-gMA=0 wt.% b) XNBR=5 wt.%, nano silica=4
wt.% and PP-gMA=6 wt.%.

(A s 13 5l 559 aoy0 4 L ol diges 45 bgy o SEM yolas 2 S
20,05 Jolds (0 0atsS 8 5ke Jale 90 g oy S (Sg deye 5 Juli
S 5k ol 335 00,06 5 i SeiY Jijs

S oS 1-2-3
w9y Ghgy SoS @ O 5l Jolo @l (58S (Se 903l el I
Wbl 36 oy p Sln P e 5 (295 B 13 (w0 990 by
00sS L5l Jole 5 oo JonS 9,5 s i S dSClew @l )3 g6l (6
el 00l o0l UL.-.J3 Jifb)o ;»..»5 W ﬁ&.”u..u |).3 4&....]"‘ L g)’L“'BJ" ‘514

0 ke L3 5b 0538l 955 o oanlive 3 S 5l a5 shailen
o ol LT oaes el (Sl bl plagn (b ok e
WS e pals o | (Sl cunls cpl aelsl jo g ams

Main effects plot for Tensile strength (MPa)
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Fig.3. Main effect plot for tensile strength
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Fig. 1. SEM images of the samples with a) XNBR=10 wt.%, nano
silica=2 wt.% and PP-gMA=0 wt.% b) XNBR=10 wt.%, nano silica=2
wt.% and PP-gMA=6 wt.%.
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Table 2 analysis variance and coefficient results for tensile strength.

Term Coef F P
Constant 32.5333 445,15 0.000
Nano silica (Xy) -0.0625 1.86 0.231
XNBR (Xz) -2.5250 3030.00 0.000
PP-gMA (Xa) -0.2125 21.46 0.006
Nano silica * Nano -1.3292 387.51 0.000
silica
XNBR * XNBR -0.7042 108.76 0.000
PP-gMA * PP-gMA -0.8792 169.54 0.000
Nano silica * XNBR -0.7000 116.44 0.000
Nano silica * PP- 1.0250 249.65 0.000
gMA
XNBR * PP-gMA 0.000 0.00 1.000
R-sq Adj=99.65% Pred=98.14%

Hold Values: PP-gMA=3

Tensile Strength (wt%)

XNBR (ng;) 10
Fig.4. Surface plot for tensile strength versus nano silica and XNBR
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Fig. 5. Surface plot for tensile strngth versus PP-gMA and nano silica
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Main effects plot for Elastic Modulus (MPa)
XNBR (wt%) PP-gMA (wt%)

N

4004 Nano Silica (wt%)

w tw w w
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Fig. 6. Main effect plot for elastic modulus
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Table 3 analysis variance and coefficient results for elastic modulus

Term Coef F P

Constant 357.67 44.70 0.000
Nano silica (X1) 56.75 207.47 0.000
XNBR (X;) -19.63 24.81 0.004
PP-gMA (Xs) -22.63 32.98 0.002
Nano silica * Nano silica -49.33 72.36 0.000
XNBR * XNBR -11.08 3.65 0.114
PP-gMA * PP-gMA 6.42 1.22 0.319
Nano silica* XNBR -22.25 15.95 0.010
Nano silica * PP-gMA -7.75 1.93 0.223
XNBR * PP-gMA 36.00 41.74 0.001

R Adj=96.56% Pred=80.38%

Hold Values: PP-gMA=3

2
& 400
£ 350
£
= 300 45
=3
L] 3.0
Z 250
- s P2
0 Nano Silica

5
07 0.0

XNBR (wt%) (wt%)

Fig. 7. Surface plot for elastic modulus versus nano silicaand XNBR
13 g g o yis S Glojen yoss Jolie j0 SVl Jgow lyss T S

Hold Values: Nano Silica=2

Elastic Modulus (MPa)
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Fig. 8. Surface plot for elastic modulus versus PP-gMA and XNBR
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Table 4 analysis variance and coefficient results for elongation at
break.

Term Coef F P
Constant 26.000 29.59 0.001
Nano silica (X1) -2.875 69.61 0.000
XNBR (X3) 4.500 170.53 0.000
PP-gMA (Xy) -0.875 6.45 0.052
Nano silica * Nano 0.500 0.97 0.370

silica
XNBR * XNBR 1.750 11.90 0.018
PP-gMA * PP-gMA 0.500 0.97 0.370
Nano silica * XNBR 1.250 6.58 0.050
Nano silica * PP-gMA 0.000 0.000 1.000
XNBR * PP-gMA -0.250 0.26 0.630
R Adj=98.84% Pred=80.51%
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