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Keywords Abstract

PO'Vam'_de_G . In this study, thermoplastic elastomer (TPE) nanocomposites based on polyamide-6 (PAG) and acrylonitrile
Acrylonitrile butadiene rubber 1 ;tagiene rubber (NBR) reinforced by Graphene nanoparticle (GNP) were prepared via a Haake internal mixer. The
Graphene nano-platelets effects of GNP content (0.5, 1 and 2 wt. %) on the thermal, mechanical, and microstructure properties of three
Nanocomposite composition ratios of PAG/NBR (90/10, 70/30 and 50/50) nanocomposites were investigated. X-ray diffraction
Mechanical properties (XRD), differential scanning calorimetry (DSC), dynamic mechanical thermal analysis (DMTA), scanning electron

microscopy (SEM) and mechanical (tensile and impact) test were performed to determine the morphology and
mechanical and thermal properties of this nanocomposite. The results showed that the mechanical characteristics of
the PA6/NBR/GNP nanocomposites such as the tensile and modulus strength increased with increasing of GNP
content in PA6/NBR blends, while these properties decreased when NBR content increased. Investigating the effect
of GNP and NBR content on the crystallization behavior of PA6/NBR/GNP nanocomposites show that the
crystallization temperature of PA6 increased with the presence of GNP whereas the increase in NBR phase content
leads to reduction of crystallization temperature. The storage modulus of PAG shifts to higher value with the presence
of GNP. The improvement of the storage modulus, with the introduction of nanoparticles was the result of the
extraordinary stiffness of GNPs and the restricted mobility of the polymer chains.
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Table 3. Various Diameter particle sizes and interparticle distance of
PAG6/NBR/GPN nanocomposites.

Ggas oS Dn Dw Dv PDI Ai IPDC
(um)  (pm) (um) (pm) (pm)  (um)

PN10 020 029 037 145 3.0 0.147
PN10G0.5 0.18 022 025 122 33 0.132
PN10G1 016 019 0.22 118 375 0.117
PN10G2 0.14 0.16 018 114 4.2 0.103
PN30 034 043 055 126 52 0.069
PN30G0.5 031 035 037 112 58 0.063
PN30G1 028 031 034 110 64 0.057
PN30G2 026 028 031 107 6.9 0.052
PN50 0.62 087 108 140 4.8 0.0094
PN50G0.5 059 074 091 125 5.1 0.009
PN50G1 056 062 068 110 54 0.0085
PN50G2 050 055 0.63 110 6.0 0.0076
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PN50G1 44.8 18.9 194.1 187.8 222.0
PN50G2 42.3 175 195.2 189.4 222.2

1,100 °C 1 -100 Lo odgame 10 0,038 Jgoo (Siwaly 6 IS
a4 BLF Sl b 0g38l 09 o snalive a5 glailen .l ouls ools Lis
Gl 00 slod 03L ded ;3 0053 Jsaw (i3l cely PAB/NBR 4L oole
S5 el gy, DS gl S s w03 Jade Gl Gl oS
Cugh Sl g old gl Vb g asbis NBR 5 PAG glao o)
D5 00 0, Jade Gial38l Cely iyl ool 4y s @IS gL cpl  Sas
D00 1) 6 5YL 0,33 Jode I3 ¢l is sladuo,o b oodds dngs diges
S 2 lyls aF wil o Led 4y G TAN S &l s oaims (ylas 7 S
5B ol slads gles 4 by 0 -20 © C (slos jo 55 Sy o5 aib o
L5 Sl 5b 038l b sl PAB & Ly o 030 Sy ¢ 55 anls> NBR
s PAG 3l 4y Lo (Tg) slaces Jasl sles PAB/NBR &y jsu0ls 4
Jedo g Los ol38l cplas canlon )57 oy Jlasl YL sloles 45 o5 NBR
3358 Undigas 4a 5 2l iy 3 b oSS 515 g 5 oa
ol 45 Cesl 03,5 Iy el taNd Sy cus PABINBR 4 o3 b
o ol oSy ol Ladiga ol 55 '] plys rals aims (Lis
[22,31] 0 )ls cillas 0o b Los cans 5 0,053 Joio 5 1ANS loged g0 0

! Damping properties

424

0940l (5 )9Ud 9 pole &y puiss



399405 (5 )9Ud 9 pgle &y puis

Q|)L(o.m 9 u.v:x.v Luo').).c:&o

5l ) 9108 93U Mo 5 il Loled b Ju) 25 asllle

[11]

[12]

[13]

[14]

[15]

[16]

[17]

In Persian, Journal of Science and Technology of Composites,
in press.

Ashenai-Ghasemi, F. Saberian, M. H. Ghasemi, 1. and
Daneshpayeh, S., “Experimental Investigation on Mechanical
Properties of Hybrid Nano-Composite Based on Epoxy/
Graphene Nano-Platelets/ Carboxylated Acrylonitrile Butadiene
Rubber”, In Persian, Journal of Science and Technology of
Composites,

McKeen, L. W., “Plastics Used in Medical Devices” in:
Handbook of Polymer Applications in Medicine and Medical
Devices, Eds., pp. 21-53: Elsevier, 2014.

Kear, K. E., “Developments in Thermoplastic Elastomers®,
iSmithers Rapra Publishing, 2003 .

Mahallati, P., Arefazar, A. and Naderi, G., “Thermoplastic
Elastomer Nanocomposites Based on PA6/NBR* International
Polymer Processing, Vol. 25, No. 2, pp. 132-138, 2010.
Fagundes, E. and Jacobi, M. A., “Pa/Nbr Tpvs: Crosslink
System and Properties* Polimeros, Vol. 22, No. 2, pp. 206-212,
2012.

Naderi, G., Razavi-Nouri, M., Taghizadeh, E., Lafleur, P. G. and
Dubois, C., “Preparation of Thermoplastic Elastomer
Nanocomposites Based on Polyamide-6/Polyepichlorohydrin-
Co-Ethylene Oxide* Polymer Engineering & Science, Vol. 51,
No. 2, pp. 278-284, 2011.

Mehrabzadeh, M. and Delfan, N., “Thermoplastic Elastomers
of Butadiene-Acrylonitrile Copolymer and Polyamide. Vi.
Dynamic Crosslinking by Different Systems* Journal of applied
polymer science, Vol. 77, No. 9, pp. 2057-2066, 2000.

[18] Paran, S., Naderi, G., Ghoreishy, M. and Dubois, C., “Essential

[19]

[20]

[21]

[22]

Work of Fracture and Failure Mechanisms in Dynamically
Vulcanized Thermoplastic Elastomer Nanocomposites Based on
PAG6/NBR/XNBR-Grafted HNTs*“ Engineering Fracture
Mechanics, Vol. 200, pp. 251-262, 2018.

Haghnegahdar, M., Naderi, G. and Ghoreishy, M., “Fracture
Toughness and Deformation Mechanism of Un-Vulcanized and
Dynamically Vulcanized Polypropylene/Ethylene Propylene
Diene Monomer/Graphene Nanocomposites“ Composites
Science and Technology, Vol. 141, pp. 83-98, 2017.
Mostafapour, A., Naderi, G. and Nakhaei, M. R., “Effect of
Process  Parameters on  Fracture  Toughness  of
Pp/Epdm/Nanoclay Nanocomposite Fabricated by Novel
Method of Heat Assisted Friction Stir Processing® Polymer
Composites, Vol. 39, No. 7, pp. 2336-2346, 2018.

Kim, H., Miura, Y. and Macosko, C. W,
“Graphene/Polyurethane Nanocomposites for Improved Gas
Barrier and Electrical Conductivity Chemistry of Materials,
Vol. 22, No. 11, pp. 3441-3450, 2010.

Taghizadeh, E., Naderi, G. and Dubois, C., “Rheological and
Morphological Properties of PAG/ECO
Nanocomposites “Rheologica acta, Vol. 49, No. 10, pp. 1015-
1027, 2010.

[23] Khodabandelou, M., Aghjeh, M. K. R. and Mazidi, M. M.,

[24]

[25]

[26]

[27]

425

“Fracture Toughness and Failure Mechanisms in Un-Vulcanized
and Dynamically Vulcanized PP/EPDM/MWCNT Blend-
Nanocomposites“ RSC Advances, Vol. 5, No. 87, pp. 70817-
70831, 2015.

Qiu, Y., Wang, J., Wu, D., Wang, Z., Zhang, M., Yao, Y. and
Wei, N., “Thermoplastic Polyester Elastomer Nanocomposites
Filled with Graphene: Mechanical and Viscoelastic
Properties* Composites Science and Technology, Vol. 132, pp.
108-115, 2016.

Taghizadeh, E., Naderi, G. and Razavi-Nouri, M., “Effects of
Organoclay on the Mechanical Properties and Microstructure of
PAG6/ECO Blend* Polymer Testing, Vol. 30, No. 3, pp. 327-334,
2011.

Paran, S., Naderi, G. and Ghoreishy, M., “Microstructure and
Mechanical ~ Properties of  Thermoplastic  Elastomer
Nanocomposites Based on PA6/NBR/HNT*“ Polymer
Composites, Vol. 38, pp. E451-E461, 2017.

Khodabandelou, M., Aghjeh, M. K. R., Khonakdar, H. A. and
Mazidi, M. M., “Effect of Localization of Carbon Nanotubes on
Fracture Behavior of Un-Vulcanized and Dynamically
Vulcanized PP/EPDM/MWCNT Blend-
Nanocomposites* Composites Science and Technology, Vol.
149, pp. 134-148, 2017.

ial5 50 % 435 (oo 5 a4y oaiS oo g plSoxiul jlaie 50 % 110
b (o
a0 a8l 290 b 31 5 Slxas 6l calise gloas,s og38l L @
50% b 10 5INBR jlaie jiulpdl b as J 0 o)l Slas s
sy (o0 143 0IM 4,52 3/m 5l a0 ol lade
Jlade PAB/NBR wb oole 4 81,5 Sl 6552% 90.5 jog38l L @
GNP & b0 26.4° aygl; 51 GNP @y bgy o (WSl anil (3l agl;
Al oo 2ol 25.8° §25.2° olie 4 ol 5 @
3 oSinssh oo Gl ol ol b & IS Sl s gl o
Sl S sk a5 wlie T ik 5l 5 08 e g sles
b (o
el PABINBR aly ool 45 2% 5 0 5l 31,5 1,3 gL 0938l @
395 oo 3.15x109 MPa 4 2.1x10°9 MPa ! 0,53 Jgoe ial3il
BT st 5 TAND Sy s LidlS el GNP 05381 3,1 51 5

D9 (50
&b -5

[1] Mohsenzadeh, R. and Shelesh-Nezhad, K., “Experimental
Studies on the Durability of PA6-PP-CaCO3 Nanocomposite
Gears”, In Persian, Journal of Science and Technology of
Composites, Vol. 3, No. 2, pp. 147-156, 2016.

[2] Shokrieh, M.M. and Ahmadi Joneidi, V., “Manufacturing and
Experimental Characterization of Graphene/ Polypropylene
Nanocomposites”, In persian. Modares Mechanical Engineering,
Vol. 13, No. 11, pp. 55-63, 2014.

[3] Nakhaei, M., Naderi, G. and Mostafapour, A., “Effect of
Processing Parameters on Morphology and Tensile Properties of
PP/EPDM/Organoclay Nanocomposites Fabricated by Friction
Stir Processing* Iranian Polymer Journal, Vol. 25, No. 2, pp.
179-191, 2016.

[4] Menbari, S. and Ashenai Ghasemi, F. and Ghasemi, I.,
“Comparison of Mechanical Properties of Hybrid
Nanocomposites of  Polypropylene/Talc/Graphene  with
Polypropylene/Graphene”, In Persian. Modares Mechanical
Engineering, Vol. 15, No. 7, pp. 329-335, 2015.

[5] Kazemikhasrag, E. Siadati, M.H. and Eslami-Farsani, R., “Effect
of Surface Modification of Graphene Nanoplatelets on the High
Velocity Impact Behavior of Basalt Fibers Reinforced Polymer-
Based Composites”, In Persian, Journal of Science and
Technology of Composites, Vol. 5, No. 1, pp. 109-116, 2018.

[6] Esmizadeh, E., Irani, A., Naderi, G., Ghoreishy, M .H. R. and
Dobious, C., “Effect of Carbon Nanotube on PA6/ECO
Composites: Morphology Development, Rheological, and
Thermal Properties* Journal of Applied Polymer Science, Vol.
135, No. 12, pp. 45977, 2018.

[7]1 Nouri-Niyaraki, M. Ashenai-Ghasemi, F. Ghasemi, |. and
Daneshpayeh, S., “Experimental Analysis of Graphene
Nanoparticles and Glass fibers Effect on Mechanical and
Thermal  Properties of  Polypropylene/EPDM  Based
Nanocomposites”, In Persian, Journal of Science and
Technology of Composites, Vol. 05, No. 02, pp. 169-176, 2018.

[8] Paran, S. R., Naderi, G. and Ghoreishy, M .R., “Effect of
Halloysite Nanotube on Microstructure, Rheological and
Mechanical Properties of Dynamically Vulcanized PAG6/NBR
Thermoplastic Vulcanizates* Soft Materials, Vol. 14, No. 3, pp.
127-139, 2016.

[9] Shen, Z., Bateman, S., Wu, D. Y., McMahon, P ,.Dell’Olio, M.
and Gotama, J., “The Effects of Carbon Nanotubes on
Mechanical and Thermal Properties of Woven Glass Fibre
Reinforced Polyamide-6 Nanocomposites® Composites Science
and Technology, Vol. 69, No. 2, pp. 239-244, 2009.

[10] Hosseini Abbandanak, S. N. Siadati, S. M. H. and Eslami-
Farsani, R., “Effects of Functionalized Graphene Nanoplatelets
on the Flexural Behaviors of Basalt Fibers/Epoxy Composites”,



oo 5 S Lo )de=e

5l ) 910lS” 93U Mo 5 il Loled b ju) 2 asllle

[28]

[29]

[30]

[31]

Jalilian, H. Naderi, G. and Shokoohi, S., “Investigation on the
Microstructure and Properties of PVC Toughened with
DOP/PMMA/Nano-Graphene”, In Persian, Journal of Science
and Technology of Composites, Vol. 5, No. 3, pp. 451-456, 2018.
Ashenai-Ghasemi, F. Saberian, M. H. Ghasemi, I. and
Daneshpayeh, S., “Experimental linvestigation on Mechanical
Properties of Hybrid Nano-Composite Based on Epoxy/
Graphene Nano-Platelets/ Carboxylated Acrylonitrile Butadiene
Rubber”, In Persian, Journal of Science and Technology of
Composites, Vol. 5, No. 3, pp. 395-402, 2018.

Gholami, H. Shakeri, A. and Moosavi, S. H., “Preparation and
Properties Investigation of Conductive Polyaniline/Zinc Oxide
Nanocomposites” Journal of Science and Technology of
Composites, Vol. 2, No. 1, pp. 7-12, 2015.

Naderi, G., Lafleur, P. G. and Dubois, C., “Microstructure-
Properties  Correlations in  Dynamically  Vulcanized
Nanocomposite  Thermoplastic ~ Elastomers Based on
Pp/Epdm* Polymer Engineering & Science, Vol. 47, No. 3, pp .
217, 2007.

426

0940l (5 )9Ud 9 pole &y puiss



