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In this paper, the effect of silicon carbide nanoparticles on mechanical properties of thermoplastic elastomer
based on polypropylene and styrene—butadiene rubber using the response surface methodology was
investigated. Internal mixer with melt blending method was used to produce all compounds. Central
composite design as a one of the best design of experiments methods was used to quantify the effect of
different amounts of rubber and SiC nanoparticles as input variables. Five levels were selected for the range
of the variables as follows: rubber (5-25 wt%), and SiC nanoparticles (0-6 wt%). Prediction models were
used to compute the desirability functions. The mechanical properties of selected compounds along with
scanning electron microscopy images of their microstructure were analyzed comparatively. According to
attained results, it was found that the SiC content had the main role in mechanical properties and
morphology of the nanocomposite. Also, optimal contents of variables were computed to be 17.5 and 0.9
wt% for rubber and SiC nanoparticles, respectively. Moreover, according to dynamical, mechanical and
thermal analysis results, the RISN3 compound, has the highest damping ratio between all compounds in
the temperature range of -15 to 30 °C (i.e., room temperature) and the R25N3 compound is in second order
after that.
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Table 1 Characterization of raw materials
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Table 2 Experimental design matrix

gl &S SiC (wt%) ® SBR (wt%) *® #
R5N3 3 5 1
R10N1.5 15 10 2
R10N4.5 4.5 10 3
RI15 0 15 4
R15N3 3 15 5
RI5N3 3 15 6
RI5N3 3 15 7
R15N6 6 15 8
R20N1.5 1.5 20 9
R20N4.5 4.5 20 10
R25N3 3 25 11
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Table 4 Analysis of variance results for TM response
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Table 3 Mechanical properties of all compounds

IS (KJ/m?) EB (%) T™ (MPa) digasd S
6.8+0.30 10.1£1.8 791.2+6.3 R5N3
7.7+0.90 130.9£9.2 615.5+8.4 R10N1.5
7.5+0.35 15.3£2.5 740.0+5.7 R10N4.5
8.5+0.50 320.5£3.0 498.6+4.9 R15
9.0+0.65 90.4+6.5 593.9+2.7 R15N3
8.9+0.45 96.7+4.8 582.2+4.3 RI15N3
8.9+0.55 89.5+5.2 585.5+3.1 RI15N3
7.0+1.20 81.4+6.8 622.4+5.0 R15N6
10.0+0.80 230.4+£5.4 488.1£7.2 R20N1.5
8.7+0.25 90.7+4.2 509.8+9.3 R20N4.5
10.3+0.85 141.7£11.5 417.0£5.6 R25N3

P-value  F-value AdjMS™  AdjSS™  df Source
<0.0001 508.14 23890.12 119500 5 Model
<0.0001 2168.17 101900 101900 1 R
<0.0001 274.87 12923.20 12923.20 1 N
0.0456 7.00 329.27 329.27 1 R xR
0.0074 18.81 884.58 884.58 1 NxN
0.0007 56.19 2641.96 2641.96 1 RxN
47.01 235.07 5 Error
0.4263 1.49 54.10 162.29 3 Lack-of-fit
36.39 72.78 2 Pure error
119700 10 Total
Pred. R? =98.56% Adj.R* =99.61% R? =99.80%
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Fig. 3 Surface graph of The simultaneous effect of SBR and SiC
amounts (wt%) on TM response

TM gl 5 SiC 5 SBR jyolie (lojon il 5l genly o jlogms 3 JSi

20lie 5 (§39ae 9 50 (LIS Jgde 0ud iy plie b Gl (gaman
e o3 sdee ool Glas (B8 slajeme 13 (539)9 Slayiie (a8l
5 by s o505 il e seite 39 (o Jlize 1 51 sslaborai
b oo Blie 1L s 05 e 0ols (i Sl Lo gl ©)50
el oy (guy p i3l 45 9 o0 00ty Jl3g00

L aS 0gd 00 Latein 3 52 Gl Ko o caldll)] sla,loges mls 5l
Ny S gl TM A&uly bS5 ;0 SBR G359 s o polae (igl38l
oogams ;5 SIC &3l e udadlal b cpizmen Coul Jo35 0)lgan
oylaen TM by &lymss wigy (6 W% U jho 5l m) ooy ,es
O3l ke yiiy Gasaslal 5l s SLigl pasazelS b .l cogno
s f(TM i) SloS 5 SVl Canslin (6 W% 1 o iny) SIC
Ao 8 oddpll Glidsd yiios s oo delsl Lol58l g, a4 rals
boiye @l (el sl alfan g el DlaS 5 (Sl ol (o) 2
Sl (5 g L igad Glyieas wiS (o0 Brova |) 230 cnl ;5 TM ks &
5 oolislisl PP/SEBS-g-MA S 5 ;5 (,S Sk 39,9 L [13]
S Lis,5 9 PP/POE oS 5 5o o315 cliogl 04,9 b [14] ] 1Ken
oS Bgl jgam 0 il BLl g 31,5 Sloraogil og,5 L [15] RUL LS
Sl 5o 0ai0n,;E TM @i 5l sgolie s PP/EPDM L oS 5 5o
ilos yol s @y LSy 5 0uiiS gl polie iulidl sll o« gados

CanSl jo Job w38l sy -2-1-3

Jsoz 10 «gadgi sladises 51 EB (slacsls ANOVA Ll (5Ll gl
polie oz ol il as el blacwl b6 P-value gl 5l .ol oo &1 5
i Ceod] LIS EB Guly jo «l,3g5b 31 asy0 5 SIC &l,345L  SBR
el i 51 00,0 99.51 a5 el ol Slis R2 (gl oaelcansas jlads
Cowl sl BB (6949,9 sl i b Wilgy g0 cunSi o Job iuldl as e
0dlay 09l cad 03ld medg Joe vy Ol S 51049 % lade
Vb it coblB Silis 5 Jga 0 Pred. R? g Adj. R? 6V polis
o 2 BB gl cn i pso 42 50 slalezaiz dolre cul o .cwl o
(2) ably ©ygom wlSaiz Gy )T 5l bagi Gk (5995 o ice
el 0 085 ez ANOVA low s 5

Predicted vs. Actual

- Color points by value of

800

Tensile Modulus

700 | 417 B o2

600 |

Predicted

500 |

400 |

T T T T T
400 500 600 700 800
Actual

Fig. 1 Plot of actual amounts vs. predicted responses of TM
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Fig. 2 The effect of input variables (SBR and SiC) on TM response
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Fig. 5 The Effect of input variables (SBR and SiC) on EB response
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Table 5 Analysis of variance results for EB response

P-value  F-value  AdjMS Adj SS df Source
<0.0001 204.38 16055.51 80277.56 5 Model
<0.0001 203.60 15994.30 15994.30 1 R
<0.0001 570.74 44835.19 44835.19 1 N
0.0969 4.16 326.81 326.81 1 R xR
<0.0001 181.08 14225.22 14225.22 1 N xN
0.2321 1.85 145.20 145.20 1 R xN
78.56 392.78 5 Error
0.1152 7.84 120.67 362.00 3 Lack-of-fit
15.39 30.78 2 Pure error
80670.35 10 Total
Pred. R? =95.20% Adj. R? =99.03% R?=99.51%
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Fig. 4 Plot of actual amounts vs. predicted responses for EB
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Table 6 Analysis of variance results for IS response

P-value F-value  AdjMS Adj SS df Source
<0.0001 627.36 2.51 12.55 5 Model
<0.0001 2296.87 9.190 9.190 1 R
<0.0001 421.87 1.690 1.690 1 N
0.00.74 18.85 0.0754 0.0754 1 R xR
<0.0001 332.50 1.330 1.330 1 N xN
0.0003 75.62 03025 0.3025 1 R xN
0.0040 0.0200 5 Error
1.0000 0.0000 0.0000 0.0000 3 Lack-of-fit
0.0100 0.0200 2 Pure error
12.57 10 Total
Pred. R? =99.71% Adj. R? =99.68% R? =99.84%
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Fig. 9 Surface graph of The simultaneou effect of SBR and SiC
amounts (wt%) on IS response
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Fig. 12 A comparision of variations in a) storage modulus and b) Loss
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