BE-EY .go e 1 o lauds A 693 A=\ (63 (Wl pal Sags 9 HAlw (W igo Alxo

T TS PR R VAL Y

Ol Pl adgi g Colu (waigo

Www.smeir.or /

d | 10.22034/1JME.2023.391059.1764

oobsr Joydsls ST/ 0wl (i cuSy jlslun, 5 J)le (Suilfo (ples o)y
ol Oy 13950 b oudby oS

#Y s . Vo
0 Lo yoezo ¢ (Slowdw g0y
Oyl elioms oylioms ol8iils (SolSe cwiige 00l s )] ol IS (ggzmiils -
Ol 5 e s Sy olKasls (Sl g 0aSCzils ¢)Lolisl -
m_nakhaei@sbu.ac.ir NPATF-OYOVY iy Godio oyl #

oS allie ol

s

g Allae
VEY (po,0,8 Qi e

SIC) s 9IS 13630 51 goiie 39 slodo,o 59938l sl (FSP) slecel SKlasl ailyd 5l alio ol o
a3l (S WSU b elulp RSM) sl o (b, SwS 4 uizmed b osliwl PAG/NBR ab 5l 4
P53 ) b 95 03636 (S35 aeye 5 (V) L5l o copus (@) Jlhgo Jlnl 25z Copu it

VEY Gt YA iadgl (5 gls
VR olo )3 YF o dy

Ayl 56,5 oldgl Susly (Sl jshaie 4085 )15 cwjp 3)50 (Sl p2 pllowiul 5 SL Jyoe) (Sl NEERNT:
oy SEM) siug) 93Ul oSy S polas 51 PAG/NBR pogVl Seoadlige s JLislan, » gl gog3l F ol L,
ol (TGA) )l 5lUl 5 DSC) (oiug) (Lolis (minle S slagygesl 5l oslital b ccnl  opdle .l i85 sl s sl ST
Cawd & polie 0 gy pudiw 40,5 @l3gL 51 G3g calise slaas,s L PAG/NBR/SIC sladiges 5)l,> s 3 )8
Yottt e B 190 VYo Slyed lnl i o ey a8 sl 0 0l lis g S ) SV oles 5l enal oleze! Slaol anl
i 4 Gl Sl § S Jgde ,STas sl YA o sslil 0,05 5s woys JMks g dids el &k o )

oo U el 3 ar s 098 sled g ,9kd slod uizmen el wplgs Cawd a4 ye p Jg5 FYIVE g JSwbEe £RO/NA
28l dalym iali8l ol 3 sle a0 YYY/A 5 V4A

Investigation of mechanical, thermal and microstructural properties of
PA6/NBR nanocomposites reinforced with silicon carbide nanoparticles

*
Hadi Soleymanil, Mohammad Reza Nakhaei’
1- Faculty of Mechanical Engineering, Semnan University, Semnan, Iran
2- Faculty of Mechanics and Energy, Shahid Beheshti University, Tehran, Iran
*P.0.B. 16846-53571 Tehran, Iran, m nakhaei@sbu.ac.ir

Article Information

Abstract

Original Research Paper
Received: 29 March 2023
First Decision: 18 May 2023
Accepted: 14 June 2023

Keywords:

Polyamide 6

Acrylonitrile Butadiene Rubber
Silicon Carbide

Friction Stir Process

Response Surface Methodology

In this article, the friction stir process (FSP) was used to add various weight percentages of silicon carbide
(SiC) nanoparticles to the base phase of PA6/NBR. Also, the effect of three variables of the rotation speed
tool (), traverse speed (V) and the weight percentage of silicon carbide nanoparticle (S) on the mechanical
properties (young’s modulus and impact strength) were investigated by response surface methodology (RSM)
based on the Box-Behnken design. Scanning electron microscope (SEM) was used to determine the dispersion
of nanoparticles in the base phase and the effect of their addition on the microstructure of PA6/NBR
thermoplastic elastomer. Moreover, the thermal properties of PA6/NBR/SiC samples with different weight
percentages of silicon carbide nanoparticles were investigated by differential scanning calorimetry (DSC) and
thermo gravimetric analysis (TGA). The values obtained from the regression equations showed that, under
optimal conditions of the rotational speed of 1200 rpm, traverse speed of 20 mm/min and the weight
percentage of nanoparticles of 3.8 wt. %, the maximum young's modulus and impact strength 665.18 MPa and
62.26 J/m, respectively could be obtained. Also the crystallization and melting temperature increased to 198
and 222.8 °C, respectively.
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Fig. 1 a) Dimensions of flat tensile and impact specimens in mm and b)
Schematic of tensile and impact specimens
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Table 4 Values of young's modulus and impact strength

IS (J/m) YM (MPa) Aiges oinlesl o les
72.8+0.6 525+2.1 P, )
611+0.9 608+2.8 P, Y
425402 630+1.8 P; Y
60.1£0.5 610+2.3 P, ¥
64+1.1 52142.6 P; 0
6110.5 68343.0 P; 5
58+0.8 607+3.4 P, v
53.140.1 601+1.1 Ps A
58.2+0.7 61042.0 Py 1
58.940.6 608+1.5 Py )
48+1.0 638+0.9 Py, 1
54.340.8 697+1.7 P VY
52.840.4 590+1.3 Py W
68.3+0.6 564+1.0 Py \F
70.140.2 565+2.4 Pjs V0
! Young's Modulus
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Fig. 2 Plot of actual values versus predicted values for a) young's
modulus and b) impact strength

Gy plSoxinl (o

SHlo plg5 2 (59190 9 Gl b piie ST —F-Y
S50 Sle Pls> 2 599)5 loiie Sl oy nl
SIUT 2 90 Jglas 5l eolanal b wlol cpl 5285 )18 )y
plSoinl ¢ Kb Jgdo Sloogas 51 SO o gl a5 bl

V- oplouis Q093 N E- Y (63 wwlyal 3Wes 5 il Swiio

5729 x §*

IS (J/m) =132.092 -2.531 X 107 X w — 1.339xV  (®)
—16.318 X S$+6.250x107xw X S+0.115X V x S

0dgde 4O IR 0)3])..' @Lu wl.w‘ » g_;'l-éf Gods Ja;‘j) (u

YM (MPa) = 608.33 +20.37X w — 16.50x V + )
48 88X S—-13. 75X wXV+1650X w XS+
28.58 X w>—14.17 x V*-22.92 x §?

IS (J/m)=58.37+2.61Xx w—1.60 X V—-9.66 X S 48
+250X wXS+347%xXxV XS

oS lo el 4 S gV i sleadie YV B F Ly, yo
b ey (Jhhg Il iz Lo (63955 loyaie
A g IS 1,346 9 M g Sl

Sk Jgso ool 2 il s 5T @l & Jgor
Table 5 Analysis of variance based of young's modulus
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kol sl Sl yo
0.0003 44.40 3653.22 9 32878.98 Agel
0.0014 40.36 3321.12 1 3321.12 (@) G980 &y
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<0.0001 232.25 19110.13 1 19110.13 (S) 0,39L jlade
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0.0301 9.01 741.03 1 741.03 V2
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77777 - 82.28 5 411.42 owsle Bl
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Table 6 Analysis of variance based of impact strength
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Fig. 7 SEM images 0 samples for a) PA6/NBR weight ratio 70/30, b)
P2 and C) P16
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Fig. 8 EDAX images of samples for a) P, and b) P4
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