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Investigation of the Effect of Graphene Nano Plates and Carbon Nanotubes
on the Improvement of Mechanical Properties of Aluminum Matrix
Nanocomposites

Abolfazl Babazade, Mohammadjafar Hadad*, Majid Safarabadi

Department of Mechanical Engineering, College of Engineering, University of Tehran, Tehran, Iran.
*P.0.B. 14155-6619, Tehran, Iran, mjhadad@ut.ac.ir

Keywords Abstract

Graphene, One of the methods to improve and achieve superior properties, is to modify and optimize the
Composite, Manufacturing Process and to consider the use of nanoparticles as reinforcements in these materials. In
stir casting, this regard, stir casting method is considered as one of the methods of distribution of refractory particles
nanotube carbon, in the melt and three percent by weight of 0.01, 0.05 and 0.1% of graphene nameplates and carbon

nanotubes as reinforcements particles added to The primary alloy A356, due to the properties of carbon
based nanoparticles. The optimum conditions, including the rotational speed of the graphite mixer, 500
RPM, were obtained for one-minute mixing in a row, at 740°C. The results of elemental, phasic and
microstructural analysis, confirmed, the distribution correctly of reinforcements nanoparticles in the
composite matrix. The tensile test showed, an increase in yield, ultimate and fracture strength, and also
strain, so that the maximum increase in strength and strain using 0.1 wt.% graphene, was 28% and 2.6%,
respectively. Also, by using 0.1 wt.% carbon nanotube, the nanocomposite hardness increased to 88.4
Vickers, indicating a 33% improvement in the ratio of non-reinforced alloy.
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Polymer Matrix Composite

Ceramic Matrix Composite

# Carbon Nano Tube

4 Particulate-Reinforced Aluminum-Metal Matrix Composites
® Isotropic

© Stir Casting
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Table 1 Characteristics of reinforcement powders
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Table 2 Chemical Composition of primary A356 alloy

Al Si M Mn Fe Cu .
g )Ad.«-c

ol g, 821 035 001 019 009 TR

J938L5 5555 9 egle &y ,ui

[ )

Slr by g waz slaghs, 5l (So b Gl deaiie 25 ;0 o jsbiles

oolaiwl b Slde Lol jo o105 b, slwl iy, oy a5 el adgs
51 ool b A356 adsl 5LIT o e dol il y ool 58 sl 50 5
! sladaSs ol gun (oS g OOy &5‘)5 100 eSS« 6)‘53 o)|
dcgarme JS g ad S 18 8l S i 5l slaigy o 0,5 860 Jlade Lo
axg5 b .o ools 1,8 T40°C (slos ool pudaid ieglie (5 0,55 (49,0
Sy Ol eed Wg (pl 3l g0V ed gy 3l oolaiul jieS Al je g9 b gl
i el a5 |z o,S eolaul 6‘5"""‘“9‘” dLb)L..ﬂ S aBu, 5 wgd
S P15 et 4 50 5 (aleoed oS et 5 ol o el paie
wlie gl yingy mlae olie 4 jlupglic olyd oS adlsl jglaie o

lie bglse 4y cadsl slge 51 ciond b ol jar I3 ol caly o0 [22-26]
@ dime Sose @ jlepglae @IS cpl 0,5 Alol b adly jo 0gd adlal
bolee puolyw j0 slupglio &I, canlin @oje5 Jloi! wyals STy oo
4ol wlys ashd SO eles cdl o ol ply sl jrals (Olde
e & pizen b edliiul (alls esiasll g 5l s (een
293l eolie 5o S mje8 Al )0 g slepglie Ol (Swish s sl
29 05 100 b Gl polie )3 5l oo jlade s o 2 10 oopl ol

Lsksn o Seoly slo 55 als mojnie 593 0 40 5 alls pgriiosl]
Lgle j0 @l aje Gl Gly o Bl aldee aids 20 4 ous

* Optical Emission Spectrometry

S Ned oo Sl S8 s e Wb painS (g9, Cod
Aol ((Fo,88 oo 4y 5 Jlud e o 0 e lay Sl IS8 s
O0y5% 4 a5 Clesl a5 g0 Lo Js 4 ol caul 508 CNT
o oy b S5U ojlaz sl gl o aleS snay) LT o o3
L o (oined Slids Cov (mdes ojlax sle dglgl o Fo,e5
loyd sl polin b (638 ase; slo CujpnelS (55, 2 0o plonil Sl
55 JAS 283 4 w55 Sl siz o ams on i [18] 5,5 sl 3
S sl 6 eS QLI me b wed me cS ey 9o a4 D3 L
10-200 sogaze ;o (ol o3lail b &l)3) (5,0l s ay s plSoxil
Axins yiog S L5 51 8 5 ol 3 (IS O jge 4 il ainlgs (M
15 oyi sl 4 Jiled j2egil 1500 b 200 ey 3 g ikl 4y 4
Shewo Jlasl 1egil 200 51 5S>98 @3 05,00 die) b 095 S i Juad
5 Sl Pl s o Sl oot o] A o5 anils sy b os>
4 ol oo 36 S35l 6 ymeS o b ez a azg Bl S5l
o &yt ¢ Lo pglie jl eolaul [18] cdl cuvs SLSs olss
BB dgpe b uizmen 058 o0 (sl &ls (4 gl Ails (9,0 5l CuSls 092
Rl e Swglie (B3 4 Caglie eSS (Sajix bwgle 3 42y
2 olul sl Rl eimmes 5 Glale plp ye Saeglie (Sl Sed
390t 5 o) Dlyeets 068 pgiagll (6 Tz, Cujseels 2 31,5
Pl e o555 ol 5o [20] cenl sals )15 1, (Sl oles
a0, 0.5 jea 0 UTS Ll ons Sl pgas 4 SS
23l a5 el ouls laxe puiz o el alils ioli8l do o 41 (3l 5
S5 25 5 55,5 B CajpnelS 5l pSiad al 5o L
@ S wedl Gis ey LS g3l HI S cheghy o il
Pls.?u..u‘ PRIN W 431)1 c.lLu &Ua.a sl 00l ey 2024 GAW}H )L..ﬂ
83995 Hlime 4 i p a4 ST Sl pllorinl g pulus alSoxinl (s Lad
ol (8xbis (pl 535 G p el aBl ioliEl /32 4 729 /28
Sl o o b Cadsl o35k 5 ane) )3 ONT SUI (225 0055
5 SoilSo plSomil il5al el Stadly UK s a4 codkds ol
L21] el ons o Sl a5 o
EF 95 (Fh9 2oy i wlie e g (omyn GRRgR ool o
S Slrbogls 5 1 sl 1S Al sloslopslis obe
o3 (Sl Pl eels (SisSr (eesd 5 comseimosl] Slo S
0aisS S Jalge alaz 3l ity cml )0 jlupglie dlge dips dn e ul
axg S5 ol A o S9958l Blge S35 dey o3l bl o cplply el
ol Blaal Koo 5l s Fas, anls Jxle gileass 5 ool o
e yials ( Sl ele sgun 5l gl dcgasme &Il il 00gr img
S s (b s S5yl Cle 4 5 Fasy, sl b
ALy 4 4z b (em 0 JSG (b (Olde lod gez> 4 azgi L
ol slysls s @l 5 e a4 lupslin Sl)d (o938l (KisSz 5 Sl
bl 93

i sy 2
dsl j35 9 (mgmiasdl Aol SLIT ags Jolis 2mgsy cnl Sles Jolie
5y oolp g3l ,JLT b olols L_SL@O}A}T plxl g g Faiz, Sldes



wbles 5 oLl L}.la'.ﬁ.“}ﬂ UOI}I} .\W)JL}»).Y \_x,u}.)bj L)SI)‘T .;:Lzma}.\b 2l sw) 2
Addation 3Ugaz ,0 il oy (508 bglke gliz! Slasie ol slxl (g0

' indvidoally Particle Distribution

Preparation
of pellets

Fig. 1 Scheme of steps for adding pellets and mixer rotation
O Bz 9 AT o3l e ol b 1SS

wjsSamy 9 4heBd 499 500 (23 p2 o a4z g3 b (ool (0l
ST ol sl g anlon s solital (@2 S5 4 Syens 5l eolie
Sy e & Gren Jlail (5 078 Bl S35 STl 55 pes
oles Rl ez Y58 slagys 5l eslital 5 Wgr 53 (650518 oS
Db e 0adlive (o2 UKD 50 Haed| b Ol o
Sole) by @)l 0)s8 5l Slie sxime dig cpjen 232 ObL Caxe &
Caz SpSeslr Slhbos plnl b olan pgiesll ST Sl ey
£5 G 1l B (900 (Siy095 B 4 3081 395 51 (6 T ol
s oo odalie B ol @2 i jo b plosl £ 200°C sles b ons

R L TR -
Fig. 2 A: Graphite mixer and cylindrical mold. B: Mixer and power
generation setup.
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Table 3 Weight Percentage of reinforcement powders
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Table 5 Dimensions of Tensile Test Sample According to ASTM ES8.
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Fig. 3 A: CNT-0.01, B: Samples prepared for XRD, OES and Hardness
Test C: Scheme of standard sample for Tensile Test D: Sample
prepared for Tensile Test.
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Fig. 5 Microstructure of CNT-0.1 nanocomposite prepared by
optical microscope at 100X magnification.
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0.0977 8.425 3.000 GRF-0.1
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Fig 8 Engineering Strength Variations Curve Vs Engineering Strain for
Fabricated nanocomposites A: CNT B: GRF
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Fig.6 Microstructure of GRF-0.1 nanocomposite prepared by
optical microscope at 100 magnifications.
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Table 8 Results of Strain Tensile Test
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Fig. 9 Trends of Changes in Tensile Test Components a: Strength b:
Strain. 1: CNT-0.01 2: CNT-0.05 3: CNT-0.1 4: GRF-0.01 5: GRF-0.05
6: GRF-0.1
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Table 7 Results of strength Tensile Test
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Fig.10 Results of Vickers Hardness
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Table 9 Results of Vickers hardness Test.
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2.03 68.20 GRF-0.01
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G5 (S due (il (S Jldges lapslie Sl e Syo ln
Ll asein oS aig8 las 098 oo odmlin 10 S [0 5 0l v,
ol 00,5 oy Gl (g5 sae Glepglae 93 o 10 ((Sig do o i3l
S plSoinl b oolgilepa (5 ke (5w a5 55 plgie g oe el 5o
S i b ol b v axkid (285 Sl o oS Sglis ol b e
122] sile go (3L St g Smadly

anksS s 4 0003585 S G 51 Byo (e o a1 Jl
Sl g Sl S8 s al> e 4 ) askd Ygeas g w0nd 3l
G Dl $gy s il ol e (Dloedgs cnl b il y gl
S g S )] @S @il a5 il el Dl W) alie
S oo oo 1) el red S (e

132] el onss 3155 5,50 64 A356 ageicagdl adsl 5T 5o
ke &y (F> Glapglie 5098l 1 ASu cnl o pliodinl wilea cnlple
oads 81,5 slupglio b 5,505 68.2 a4y 5,505 64 51 isl38l el 0.01%
884 b 5w «p)S waisl 0.1% (938l b ol o a5 ol
asty o & Cens ) 33% seas bl aS ansl il S
A3 o LS jlupslie

wised o sl e Byl anlme b i 5805 el 4
woyo Gl b Glepslie o 50 sl ce Jlaay ol Sl 5 e 4SS
wiily S g p5b 4 005 (Sl s e Sl s

el

! Standard Deviation



OlEen 5 03bl Juadllgil

e PI9A o 2 02 258536 5 IS wlmaio il 3l w0

[18] Fischer, L., Raj, R., "Literature Survey Report: Nano-Dispersion
Strengthening of Aluminum,” Introduction to Research,
University of Colorado 2004.

[19] Borgonovo, C., Makhlouf,M,. "Synthesis of Aluminum—
Aluminum Nitride Nanocomposites by a Gas—Liquid Reaction II.
Microstructure and Mechanical Properties”, Metallurgical and
Materials Transactions A, Vol. 47, No. 4, pp. 1818-1827, 2016.

[20] Alipour,M., Farsani,R., “ Investigation of the Microstructure and
Mechanical Properties of Cast AA7068 Nanocomposite
Reinforced with Graphene Nano Plates”,In Persian, Modares
Mechanical Engineering, Vol.17, No.10,pp 139-144,2017.

[21] Rikhtegar,F., Shabestari,S., Saghafian,H., “Investigation of
Microstructure and Mechanical Properties of Al2024-CNT
Nanocomposite Produced by Flake Powder Metallurgy Process”,
In Persian, Journal of Science and Technology of Composites,
Vol.4, No.1, pp.91-100, 2017.

[22] Boostani, A., Tahamtan, S., Yazdani, S., “Enhanced Tensile
Properties of Aluminium Matrix Composites Reinforced With
Graphene Encapsulated SiC Nanoparticles”, Composites Part A:
Applied Science and Manufacturing , VVol.68, pp. 155-163, 2015.

[23] Kwon, H., Park, D., Silvain, J., “Investigation of Carbon Nanotube
Reinforced  Aluminum  Matrix  Composite ~ Materials”,

Composites Science and Technology, Vol. 70, pp. 546-550, 2010.

[24] Esawi, A., Morsi, K., “Fabrication and Properties of Dispersed
Carbon Nanotube-Aluminum Composites”, Materials Science
and Engineering A, Vol. 508, pp. 167-173, 2009.

[25] Tang, J., Fan, G., “Synthesis of Carbon Nanotube/Aluminum
Composite Powders by Polymer Pyrolysis Chemical Vapor
Deposition”, Carbon, Vol. 55, pp. 202-208, 2013.

[26] Choi, H., Min, B., Shin, J., “Strengthening in Nanostructured 2024
Aluminum Alloy and Its Composites Containing Carbon
Nanotubes”, Composites: Part A, Vol. 42, pp. 1438-1444, 2011.

[27] Standard Test Methods for Tension Testing of Metallic Materials,
Annual Book of ASTM Standard, 06.04, pp. 98-105, 2000.

[28] Alipour,M., Farsani,R.,”Investigation of the Microstructure of Cast
A17068 Nanocomposite Reinforced with SiC Nano Particles”, In
Persian, Journal of Science and Technology of Composites,
Vol.5, No.4, pp.461-468, 2018.

[29] Dieter, G. E., “Mechanical Metallurgy”, Third ed., McGraw-Hill
Education, New York , pp. 453-455, 1986.

[30] Yolshina, L.A., Muradymov, R.V., Korsun, LV., “Novel
Aluminum-Graphene  And  Aluminum-Graphite ~ Metallic
Composite Materials Synthesis and properties”, Journal of
Alloys and Compounds, Vol. 663, pp. 449-459, 2016.

[31] Burapa, R., Janudom, S., Chucheep, T., Canyook R., Wannasin, J.,
“Effects of Primary Phase Morphology on Mechanical Properties
of Al-Si-Mg-Fe Alloy in Semi-Solid Slurry Casting Process”,
Transactions of Nonferrous Metals Society of China, vol. 20, pp.
857-861, 2010.

[32] Langlais, J., Lemieux, A., Kulunk, B., “Impact of the SEED
Processing Parameters on The Microstructure and Resulting

Mechanical Properties of A356 Alloy Castings”, Transactions-
American Foundrymens Society, vol. 114, pp. 06-125, 2006.

Lools lis (o omiw v @l [ o)lailin] [las GBlyzil ailxe -

sl 38l Sgugp i )3 jlupglie B3 @je5 ¢ (Sg e yd Rl

&l -d

[1] Surappa, M. K. , “Aluminium Matrix Composites: Challenges and
Opportunities”, Sadhana, Vol. 28, pp. 319-334, 2003.

[2] Mahallawi, E., Egenfeld, LS., Kouta, K., “Synthesis and
Characterization of New Cast A356/(Al203) Metal Matrix Nano-
Composites”, In Proceedings of the 2nd Multifunctional
Nanocomposites & Nanomaterials: International Conference&
Exhibition MN2008, Cairo, Egypt, January 11-13, 2008.

[3] Hashim, J., “Metal Matrix Composites: Production By the Stir
Casting Method”, Journal of Materials Processing Technology, Vol.
1, pp. 92-23, 2009.

[4] Mahallawi, E., Shash, A. Y., “Nanoreinforced Cast Al-Si Alloys
with AI203, TiO2 and ZrO2 Nanoparticles”, Journal of Metals,
Vol. 5, pp. 802-821, 2015.

[5] Mahallawi, E., Shash, Y. Mahmoud, K., “Influence of Nano-
Dispersions on Strength Ductility Properties of Semi-solid Cast
A356 Al Alloy”, Materials Science and Technology, Vol. 26, pp.
1226-1231, 2010.

[6]Schwedt, A., Mayer, J. Amer A., “Influence of AI203 Nano-
Dispersions on Microstructure Features and Mechanical Properties
of Cast and T6 Heat-Treated Al-Si Hypoeutectic Alloys”, Materials
Science and Engineering: A, Vol.556, pp. 76-87, 2012.

[7] Khademian, M., Heidari, M., Alizade, A., “Investigation the Effect
of Hot Rolling Process on Properties and Microstructure of Al-B4C
Composite By Vorte”, In Persian, Modares Mechanical
Engineering, Vol. 14, pp. 140-146 ,2014.

[8] Yazdani, A., Salahinejad, E., “Evolution of Reinforcement
Distribution in Al-BAC Composite During Accumulative Roll
Bonding” Material and Design, Vol. 32, No. 6, pp. 3137-3142,
2011.

[9] Tabesh, A., Ebrahimi A., “The Investigation and Comparison of
Mechanical properties and Microstructure  AI/CNT  and
AI/CNT/AI203 Composite Produced by Mixed Accumulative Roll
Bonding”, In Persian, Journal of Science and Technology of
Composite, Vol. 4, No. 4, pp. 464-470,2018.

[10] Khoramishad, H., Khodaei, M., “Sensitive of The Impact Behavior
of Multi-layered Metal Laminate to the Position of the Material
Parameters Variations”, In Persian, Journal of Science and
Technology of Composite, Vol.1, No. 1, pp. 23-34, 2014.

[11] Wenzhen, L., Shiying, L., Qiongyuan, Z., Xue, Z., “Ultrasonic-
Assisted Fabrication of SiC Nanoparticles Reinforced Aluminum
Matrix Composites”, Materials Science Forum, Vol. 654-656, pp.
990-993, 2010.

[12] Hihn, J. Y., Doche, M. L., Mandroyan, A., Hallez, L., Pollet, B. G.,
“Respective Contribution of Cavitation and Convective Flow to
Local Stirring in Sonoreactors”, Ultrasonics Sonochemistry, Vol.
18, pp. 881-887, 2011.

[13] Chen, Y., Tekumalla, S., Guo, Y. B., Shabadi, R., Gupta, M., “The
Dynamic Compressive Response of A  High-Strength
Magnesium Alloy and Its Nanocomposite”, Materials Science
and Engineering: A, Vol. 702, pp. 65-72, 2017.

[14] Park,S., “Collide Suspensions of Highly Reduced Graphene Oxide
In a Wide Variety of Organic Solvents”, Nano Letters, Vol.9,
No.4,pp.1593-1597,2009.

[15] Zhu,Y., Murali,S.,Cai,W., “Graphene and Graphene Oxide:
Synthesis,Properties and Applications”, Advanced Materials,
Vol.22, pp.3906-3924,2010.

[16] Niyogi, S.,"Chemistry of Single-Walled Carbon Nanotubes" ,
Accounts of Chemical Research, vol. 35, no. 12, pp. 1105-1113,
2002.

[17] Sun, C., Liu, K., "Dynamic Torsional Buckling of a Double-
Walled Carbon Nanotube Embedded in an Elastic Medium,"
European Journal of Mechanics-A/Solids, Vol. 27, No. 1, pp. 40-
49, 2008.

Q Jjepals s)9Ud 9 pogle Ay uiss



