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Abstract: Light weight materials coupled to the need for cost-effective processing have combined to create a
significant opportunity for aluminium powder metallurgy as its increasing interest. Aluminium alloy (AA 2219)
metal matrix composite reinforced with multi walled carbon nanotube (MWCNT) produced by powder
metallurgy (P/M) technique was analysed and CNTs dispersion were traced. The micro hardness and the
electrical resistivity of the composites were measured from room temperature. The reasons for decrease in
electrical resistivity at room temperature with increasing volume fraction of the carbon nanotubes were
investigated These composites are being projected for use in structural applications for their high specific
strength as well as functional materials for their exciting thermal and electrical characteristics. The good
dispersion of CNTs in the matrix as well as the processing problems and processing time are the major
challenges inhibiting the development of these composites.
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1 Introduction

Majority of the research has been carried out on reinforcement of polymers and ceramic matrix by
CNT. Research in MMC with CNT is less even most structural materials used in today’s world are metals.
Reason for lag in studies on CNT-MMC was the difficulty in processing, making uniform distribution, giving
structural and chemical stability for CNT and forming good interfacial bonding. The greatest attention is need to
focuses on the influence of mixing technique and processing [3]. Introducing CNTs into molten metal was a
difficult task, so most of the works used powder metallurgical (PM) even the processing cycle is longer and high
cost. The high processing temperature in conventional casting leads the formation of unstable or undesirable
phases. Facilitate the development of reactive and refractory materials with exceptional mechanical properties
and complicated shape can be process by using this PM route [31]. The inadequacy of metals and alloys in
providing both strength and stiffness to a structure has led to the development of metal matrix composites
(MMCs), where upon the strength and ductility is provided by the metal matrix and the strength and/or stiffness
is provided by the reinforcement that is either a ceramic or high stiffness metal based particulate or fibre [2].
Investigations showed that CNTs were the strongest reinforcement known to mankind that possess exceptional
properties. Hence, a systematic study of the efforts towards development of CNT -reinforced MMCs was found
necessary for the above reasons. For perfectly structured CNTs have sp? carbon carbon chemical bonding and
this is stronger than the sp® bonds found in diamond.

Both low weight and low cost materials have high demand in automotive industry in order to reduce
fuel emissions and improve fuel economy, hence aluminium metal matrix have a wide range of application [31].
Increased interest on Al for its excellent strength, low density and corrosion resistance properties. Recently,
researchers have gradually paid much attention to CNTs reinforced metal matrix composites. Among these
metals, aluminium has been considered as an ideal metal matrix for lightweight high-strength composites which
are widely applied in the automotive and aerospace industries.

Il.  Experimental Details
The Aluminium alloy AA2219 powder with apparent density 1.3 g/Cm?® from AMPAL INC U.S. has
been used to prepare the Nano composite and MWCNT sourced from Redex [India] and has been used to
prepare the nano composite. The material obtained contains mainly pure carbon nanotubes. Scanning electron
microscopy revealed that the tubules have an average outer diameter ~20 nm, inner diameter ~5 nm,
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length ranging from 50 um, average number of walls in the range between 5-15, Specific Surface Area of 350
m?/g. Fig. 1 shows a typical SEM microgragh of the used carbon nanotube material

200 nm* EHT=2000kv Date :28 Mar 2012
‘ WD=115mm Mag= 84.32KX

Fig:A 1 SEM images of MWCNT

Aluminum powder specifications had showed in the table 1. 0.75 wt. % multi walled carbon nanotubes
mixed with aluminum powder were homogeneously mixed by ball milling using Stainless steel balls for 4 hours
at a speed of 200 rpm and Methanol as Process Controlling Agent respectively. The mixtures were undergone
Compaction at a load of 250 MPa. Using Nitrogen atmosphere and at a temperature of 450°C sintering has done
for 90 minutes. In order to find the electrical resistivity at room was measured in the Department of Physics,
VIT University.

Composition EXPECTED (%) ACTUAL
Aluminium Remaining

Copper 58-6.8 5.8
Silicon 0.2 max 0.07
Manganese 0.20-0.40 0.28

Iron 0.30 max 0.08

Zinc 0.10 max 0.01
Titanium 0.02-0.10 0.07
Zirconium 0.10-0.25 0.18
Vanadium 0.05-0.15 0.1

Table: 1 AA2219 composition

I1l.  Results And Discussion

3.1. Microstructure and density of the composites

The major factor influencing the AI-CNT MMC for a high mechanical properties are the processing
technique. It will also dent the homogeneous distribution of CNTs in the metal matrix, agglomeration of CNTs
in the matrix, the interfacial reaction between CNT and metals at a temperature above critical level and bond
formation in MMC. The content of nanotubes in the matrix is proportional to the micro-hardness. The increased
hardness is due to the changes occurring in grain size. The low density is usually attributed to the presence of
open pores in the bulk material. In the present work, the density increases with the increase of the CNT. For
AA2219 the density was about 2.56 g/cm®, and for AA2219+0.75 Wit% MWCNT it was about 2.62 g/cm®.
Micro hardness of Al alloy is improved by 22% with 0.75 wt% of MWCNT compared to unreinforced Al.
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Fig 2: - micro hardness values for AA2219 and with 0.75wt% MWCNT addition.

3.2. Electrical properties of the composites at room temperature

Reinforcing CNTs to Al metal matrix with good distribution and bonding can enhance electrical
properties. The results of the electrical resistivity for Al 2219 and Al2219+ 0.75wt % multi walled carbon
nanotubes at room temperature are shown in fig 3 & 4. Electrictrial conductivity is decreased with the addition
of carbon nanotubes content, due to the porosity or any other processing defects including non uniform
dispersion. Theoretical calculations predicted that the carbon nanotubes have the electrical conductivity of a
metal or a semiconductor. Experimental measurements of the electrical resistance showed an electrical
resistance for AA2219 is in the order of 8.0418 Q-cm and that’s for AA2219+ 0.75WT% MWCT was 10.19368
Q-cm.

In general, at the same sintering temperature the conductivity increases with the increase of the CNT
content in the nano composites as more CNTs are inside the composite there is a more chance for CNTs to form
network which will significantly improve the electrical conductivity. Increase in the electrical conductivity can
be achieved by bulk density; good element distribution and microstructure; increased sintering temperature
which will result in reducing the spacing between nanotubes and will enhance the tunnelling effect of electron
transport between nanotubes or bundles; by increases CNTs fraction which gives an average distance between
CNTs become small and give a better physical contact will leads to an easy flow of electrons tunneling through
the CNT bundles; last one is by increasing CNT with less damage at open pores are inter connected and
enhance the electrical conductivity even with low relative density.
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Fig 4: - Electrical conductivity Sample: AA2219+0.75 Fig 3:- Electrical conductivity Sample: AA2219
Wt % MWCNT
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In the present work it is noted that the electrical conductivity of AA2219 is getting decrease from 0.124
S/cm to 0.0981 S/cm by adding 0.75 wt% MWCNT. Decrease in the electrical conductivity due to
agglomeration of CNT form grain boundary will increase scattering of electron and causes for the decrease in
conductivity. Formation of new inter metallic phase of low conductivity; high porosity and microstructure
change of the matrix due to CNT incorporation will also cause for the decrease in conductivity. In general the
electrical resistivity decreased linearly as the temperature decreased. CNTs are favourable to the applications
where energy saving becomes increasingly important.

11,  Summary

The Al-carbon nanotube composites were successfully fabricated by the respective powders. The
electrical resistivity at room temperature seems to gets decrease slightly and the micro hardness gets increase
with increasing volume fraction of the carbon nanotubes in AA2219. Further work is necessary to explain the
mechanism of this transition. AI-CNT MM composites have a great potential in aviation, spaceflight,
automobile industries, load bearing applications and electronic packaging due to their high specific strength,
stiffness, high thermal conductivity and low coefficient of thermal expansion. In fabrication of micro electro
mechanical system (MEMS), CNT reinforced aluminium composites have a successful usage. AI-CNT metal
matrix composites need to explore new application in MEMS and light weight metal industries.

References

[1] Shadakshari R, Dr.Mahesha K, Dr.Niranjan H B International Journal of Innovative Research in Science, Engineering and
Technology Vol. 1, Issue 2, December 2012

[2] S. R. Bakshi, D. Lahiri and A. Agarwal International Materials Reviews 2010 vol 55 no 1

[3] Jinzhi Liaol , Ming-Jen Tanl, Raju V. Ramanujan2, Shashwat Shukla Materials Science Forum Vol. 690 (2011) pp 294-297

[4] Rajmohan T, Bharadwaz Y D, Thirumurugun.N Harish G International Conference on Advanced Nanomaterials & Emerging
Engineering technologiesjuly, 2013

[5] Jinzhi Liao, Ming-Jen Tan Materials Letters 65 (2011) 2742-2744

[6] Z.Y. Liu, SJ. Xu, B.L. Xiao, P. Xue, W.G. Wang, Z.Y. Ma Composites: part a 43 (2012) 2161-2168

[7] Soon-kook Hong , Dongouk Kim , Sangeui Lee , Byung-Wook Kim , Paul Theilmann , Sung-Hoon Park Composites: Part A 77
(2015) 142-146

[8] Bo-Tao Zhang, Xiaoxia Zheng, Hai-Fang Li, Jin-Ming Lin Analytica Chimica Acta 784 (2013) 1- 17

[9] Sang Won Kim, Taehoon Kim, Yern Seung Kim, Hong Soo Choi, Hyeong Jun Lim, Seung Jae Yang, Chong Rae Park CARB O N
50(2012)3-33

[10]  Dong H. Nam, Yun K. Kim , Seung I. Cha, Soon H. HongC ARBON50(2012)4809-4814

[11]  Joung Sook Hong, Jae Hee Lee, Young Woo Nam CARBONG61(2013)577-584

[12]  D.J. Woo, F.C. Heer, L.N. Brewer , J.P. Hooper, S. Osswald CARBON86(2015)15-25

[13]  Shama Parveen, Sohel Rana, Raul Fangueiro, Maria Conceicéo Paiva Cement and Concrete Research 73 (2015) 215-227

[14]  Saeid Panahian , Ahmadreza Raisi, Abdolreza Aroujalian Desalination 355 (2015) 45-55

[15] R. Pe’rez-Bustamante , J.L.Bueno-Escobedo, J.Jime'nez-Lobato , |.Estrada-Guel , M. Miki-Yoshida , L.Licea-Jimenez ,
R.Marti'nez-Sa'nchez Wear 292-293 (2012) 169-175

[16]  Yemei Liu, SujeetK.Sinha Wear 300 (2013) 44-54

[17]  Qiang Liu, Liming Ke, Fencheng Liu, Chunping Huang, Li Xing Materials and Design 45 (2013) 343-348

[18]  Biao Chen , Shufeng Li, Hisashi Imai, Lei Jia, Junko Umeda, Makoto Takahashi, Katsuyoshi Kondoh Materials and Design 72
(2015) 1-8

[19]  Qiangian Li, Christian A. Rottmair, Robert F. Singer Composites Science and Technology 70 (2010) 22422247

[20]  S.K.Singhal , Renu Pasricha , Satish Teotia , Girish Kumar, R.B. Mathur Composites Science and Technology 72 (2011) 103-111

[21]  Xian-Ming Liu, Zhen dong Huan, Sei woon Oha, Biao Zhang, Peng-Cheng Maa, Matthew M.F. Yuen, Jang-Kyo Kim Composites
Science and Technology 72 (2012) 121-144

[22]  Xiaoshu Zeng, GuoHua Zhou, Qiang Xu, Yijing Xiong, Chao Luo, Jicai Wu Materials Science and Engineering A 527 (2010)
5335-5340

[23]  Sebastian  Suarez  a,n, FedericoLasserre  a,  FlavioSoldera ~a,  ReinhardPippan b, FrankMicklich  a
MaterialsScience&EngineeringA626(2015)122-127

[24]  XinMeng, TaoLiu, ChunshengShin, EnzuoLiu, ChunnianHe, NaiginZhao MaterialsScience & EngineeringA633(2015)103-111

[25]  Geoffrey M. Spinks, Su Ryon Shin, Gordon G. Wallace, Philip G. Whitten, Sun I. Kim, Seon Jeong Kim,Sensors and Actuators B
115 (2006) 678-684

[26]  S.A.Hosseini, Khalil Ranjbar, R. Dehmolaei , A.R. Amirani Journal of Alloys and Compounds 622 (2015) 725-733

[27]  Hyun-Seok TAK, Chang-Seung HA, Ho-Jun LEE, Hyung-Woo LEE, Young-Keun JEONG, Myung-Chang KANG Trans.
Nonferrous Met. Soc. China 21(2011) s28—s32

[28] Hai-peng LI, Jia-wei FAN, Jian-li KANG, Nai-qin ZHAO, Xue-xia WANG, Bao-e LI Trans. Nonferrous Met. Soc. China 24(2014)
2331-2336

[29]  Hansang Kwon, Marc Leparoux, Akira Kawasaki J. Mater. Sci. Technol., 2014, 30(8), 736e742

[30] U. Abdullahia, M.A. Malequea, and U. Nirmalb Procedia Engineering 68 ( 2013 ) 736 — 742

[31] G.B. Schaffer materials forum volume 28 - published 2004

International Conference on Emerging Trends in Engineering & Management 63 |Page
(ICETEM-2016)



