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In this study, microstructure and mechanical properties of 7068 aluminum alloy matrix nanocomposite
reinforced with 0.1, 0.3, 0.5, 0.7 and 1 wt.% graphene nano plates (GNPs) produced by stir casting and
ultrasonic treatment have been investigated. Ultrasound device equipped with a cooling system with
high power was used for mixing alloy and nanoparticles. Also the microstructure was investigated by
scanning electron microscope. The microstructural studies revealed that addition of GNPs reduces the
grain size, but adding high GNPs content (1 wt %) does not change the grain size considerably. Further
investigations revealed that the addition of GNPs increases tensile strength. At high GNPs contents (1
wt.%), the presence of GNPs agglomerates on grain boundaries was found, which causes decrease in the
tensile strength. The optimum amount of nanoparticles is 0.5 wt.% GNPs. The average ultimate tensile
strength (UTS) of the specimens before and after extrusion processes increases from 212 MPa to 374
MPa. Addition of 0.5 wt.% GNPs and extrusion process generate about 76% enhancement in tensile
strength compared to that of unreinforced aluminum alloy.
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Fig. 1 Schematic effects of cavitation and turbulence caused by
ultrasonic waves for dispersion of nanoparticles in molte, a)
aglomarated nanopatrticles, b) acoustic streaming and imploding bubble,
c) dispersion of nanoparticles [10]
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Fig. 3 a) Cast iron mold, b) tensile sample dimensions, (C) Cast iron
mold for extrusion
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Table 1 Chemical composition of the AI7068 primary ingots (wt/.)

Mn Si Fe Zr Ti Cu Mg Zn Al Element

01 012 01 015 01 24 3 8.2 balance %

SEM HV: 15.0 kV WD: 5.00 mm MIRA3 TESCAN|
SEM MAG: 150kx | Det: InBeam SE | 200 nm
View field: 1.38 ym  Date(m/dly): 07/31/16 RMRC

Fig. 2 Microscopy image of the graphene nanoplates.
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Fig. 4 Image of AI 25 graphene composite powder after 2 hours of high
energy milling, a) low magnification of aluminum powder, b) high
magnification of graphene on aluminum powder
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Fig. 5 SEM images of microstructures of AA7068, with a) 0.0 wt.% GNPs, b) 0.1 wt.% GNPs, c) 0.3 wt.% GNPs, d) 0.5 wt.% GNPs, €) 0.7 wt.%

GNPs, f) 1 wt.% GNPs
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Fig. 7 SEM micrograph of a) the fractured AA7068-0.5%GNPs specimen, b) EDX of GNPs in fracture surface
S b (59, 5318 I EDX 5JGT (0 e031,5 00,0 0.5 L oo g5 T0B8 pgiogl] diges anSiis pelans (i)l SEM 9005 7 S

el CojoralS il (Se Lolys gk Jalse 5l 5

3 oSS Zusli Glye 4 BT Slxio b wo)s (np e -
374 sl b a5 ol (559 2o y0 0.5 anlllas 5,50 o j5.alS'sils
) iged 4 o |l 5 (5,5 T6 il Sl
B2 e ylid (7068 pgiiesll)

&lyp-5

[1] S. Rawal, Metal-matrix composites for space applications, Journal of The
Minerals, Metals & Materials Society, Vol. 53, pp. 14-17, 2001.

[2] X. Li, Y. Yang, X. Chen, Ultrasonic-Assisted fabrication of metal matrix

nanocomposites, Journal of Materials Science, Vol. 39, pp. 3211-3212, 2004.

[3] X.Yibin, T. Yoshita, Thermal conductivity of SiC fine particles reinforced al
alloy matrix composite with dispersed particle size, Journal of Applied
Physics, Vol. 95, pp. 722-726, 2004.

[4] C. Borgonovo, D. Apelian, Manufacture of aluminum nanocomposites: a
critical review, Materials Science Forum, Vol. 678, pp. 1-22, 2011.

[5] Y. Yang, X. Li, J. Lan, Study on bulk aluminum matrix nano-composite
fabricated by ultrasonic dispersion of nano-sized SiC particles in molten
aluminum alloy, Materials Science and Engineering A, Vol. 380, pp. 378-
383, 2004.

[6] D. Miracle, Metal matrix composites—from science to technological
significance, Composites Science and Technology, Vol. 65, pp. 2526-2540,
2005.

[7]1 L. Wenzhen, L. Shiying, Z. Qiongyuan, Z. Xue, Ultrasonic-Assisted
fabrication of SiC nanoparticles reinforced aluminum matrix composites,
Materials Science Forum, Vol. 654-656, pp. 990-993, 2010.

[8] J. Y. Hihn, M. L. Doche, A. Mandroyan, L. Hallez, B. G. Pollet, Respective
contribution of cavitation and convective flow to local stirring in
sonoreactors, Ultrasonics Sonochemistry, Vol. 18, pp. 881-887, 2011.

[9] Y. Chen, S. Tekumalla, Y. B. Guo, R. Shabadi, M. Gupta, The dynamic
compressive response of a high-strength magnesium alloy and its
nanocomposite, Materials Science and Engineering: A, Vol. 702, pp. 65-72,
2017.

[10] S. Sardar, S. K. Karmakar, D. Das, Ultrasonic assisted fabrication of
magnesium matrix composites: areview, Materials Today: Proceedings, Vol.
4, No. 2, pp. 3280-3289, 2017.

[11]D. D. L. Chung, Carbon Composites, Second Edition, pp. 532-562,
University at Buffalo, The State University of New York, United States,
Published by Elsevier, 2017.

[12] G. E. Dieter, Mechanical Metallurgy, Third Edition, pp. 111-135, Drexel
Institute of Technologij. Philadelphia, Publisher: McGraw-Hill Education,
1976.

10 o)laids 17 095 1396 (53 (e Silse wise

A2 o i |y (@1-7 S )0 AL oo ool )li dilaie)

S5 omi -4
Looad coghi 7068 pyiedl slacy;nalSsl ol> hagh o
(S 20,01 5070503 0.1) 85 Slxio ol il gloos,s
5 oad by go Gedle glpel Sl oS s Fa, s, @
25T dol ol @l b e bl SO lss 5 Ll
sl e
2ol abaml s Sl s Sgo Gaile sl Jlasl Sl 4o -
laailyz ol 055 oo sl snlr coallyz ¢ aige Lid Lil53l 1
45 Qg oo dlazsil Gl ey dke 50 i, sl ()l sl el
33,5 (o0 dipej (Sl ol (3l el - Jlaakad) b
5 boymis SuSly 5 b ass cel Dgo Gsile 5508 -
Pl Il 5 Basb (nl 51 45 09d ge e 51 S 50 Dligw,
R R JON N PR PRIV L PH RN L C S
Dyp0 & 0aiS Cusl ag g sl ()5 Sl (591 % ooliul -
Pyden Sl ey 15 5 BBy 5y 5 e el s suaeels
Slappille b 3l ey j3 (HIS oaS Cug G 092y -
CaipedlS sl plSoal mll el b Ul 5 g eyl
D950
pil5e caalllan 3,50 o rlS b plSowial GRal3dl 5o ol 3lSe -
U515 S 55 8 o 3l S i g a5 0t o S 5yt oS
i ) S5 S8 s g 035 6ol (ujealSal dges
b dislyd (Sl olyt il el 5 dims o
slozil (e 50 4l ST 5 31 ()l bolucdl g o DS -

144


https://dorl.net/dor/20.1001.1.10275940.1396.17.10.24.2
https://mme.modares.ac.ir/article-15-3526-fa.html
http://www.tcpdf.org

