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Abstract: The nanocomposites of carbon nanotube (CNT) reietb nanocrystalline aluminium (nano Al)
was synthesized by the physical mixing method. Sthecture of the nanocomposites and dispersioraidifon
nanotubes (CNTs) in the nano Al matrix was invegéd using X-ray diffraction (XRD), scanning electr
microscopy (SEM), energy dispersive spectroscopPSE and high resolution transmission electron
microscopy techniques (HRTEM). The results of theuctural studies showed that the CNTs get
homogeneously dispersed throughout the Al matrixstong interface created between the CNTs and Al
particles was also observed. The coefficient ofrtfa expansion (CTE) of the nanocomposites with CNT
content (0, 0.5 wt %) was measured in the temperaange 25-256C. From which it was found that the CTE
decreases with the addition of CNT and reduce twa80% to that of pure nano Al. The four probéhtegue
was used to measure the electrical conductivitghef nanocomposites at room temperature. The prpare
nanocomposite has importance for thermal manageapgtications and aerospace industry.
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Introduction:

Nano Al is an attractive material due to its resise to corrosion, lightweight, good electrical ahdrmal
conductivities. Al and its composites are used rangmission lines, electronic packaging, mechanical
components and thermal management applicationseTdgplications of metal matrix composites reqlave
thermal expansion characteristics. So a low caefftoof thermal expansion (CTE) and high electridarmal
conductivity material is demanded for packaging @pdce structures. CNTs are considered as atwactiv
reinforcement for metal matrix composites due souitique properties (very low CTHD and high thermal &
electrical conductivities) [1, 2].

The reports on thermal behaviors of CNT reinfornado Al composites were limited. Tang et al. [Jjared

65 % decrease in the CTE of single walled carbomotudbe (SWCNT) reinforced nano Al composite. Denhg e
al. [4] have observed that CTE of 2024 Al matrixidases by about 12% with the addition of 1 wt% GiNd
Adhithan et al. [5] reported 50 % reduction in CoE4 wt% CNT reinforced Al composite, indicatingath
CNTs with an appropriate content can significadtibcrease the CTE of metal matrix composites. Thegmt
work reports the synthesis, study of microstructetectrical conductivity and the thermal expandiehavior

of nano Al matrix composite reinforced with functadized multiwall carbon nanotubes (FMWNTS).
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Experimental Procedure:

FMWNTs (MWCNT-COOH, Nanoshel, purity 80-90 Vol %} diameter 20-30 nm and length 5-15 um and
nano Al (Nanoshel, purity 99%) of average partgilee 100 nm have been used for synthesis. CNT.50y§0

%) /nano Al composites have been fabricated bypthesical mixing method and followed by cold pregsin
The XRD patterns of the powdered samples were decowith a Panalytical 3050/60 Xpert-PRO using Gu K
radiation. The microstructure and EDS characterjtofile of the samples was studied using SEM @&anta
FEG 450 and TEM JEOL JEM 2100F. Electronic dilattendNETZSCH DIL 402 PC was used to measure
CTE of consolidated samples (@ 8 x 3 mm pelletshéntemperature range from 25 to 260at heating rate of

5 °C /min. The electrical conductivity of the consaliedd samples (@ 13 x 1 mm) at room temperature was
measured by four probes and Keithley 6221 sourderme

Results and Discussion:

The XRD scans of the CNT, nano Al and the CNT w@iedd composite are shown in fig. la. All the
characteristic peaks of the fcc crystalline struetaf Al are intact in the graph. The (002) graph@eak of
CNT is absent in the nanocomposite due to thepedion in the metal matrix and the very small amtcnf
CNT reinforcement.
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Fig. 1: (a) XRD pattern of the CNT, nano Al and CNT/nanocAimposite and (b) Table showing crystallite
size and electrical conductivity of nano Al & CN@imforced composite.

The SEM micrograph of the CNT reinforced compogtehown in fig 2a. Rod shaped CNT is clearly seen
the micrograph and is embedded between the sphéigaarticles. The quantitative presence of theTCN
(carbon) and Al in the nanocomposite powder isaatdid by the EDS characteristics profile of CNTmah
composite (fig 2b). The peak at 1.5 keV correspdodse electron binding energy of Al while a vesyall
peak situated at approx. 0.2 keV corresponds toocarindicating the presence of the CNT in the Asitmn.
There is another small peak at approx. 0.5 keVespanding to the electron binding energy of oxyged is
due to the presence of a very thin layer of alunomar the Al particles. HRTEM image (fig 2c) of the
nanocomposite shows the homogeneously and singhedied CNTs in the Al matrix. The CNTs are prgper]
embedded between the Al particles and is well coiedethe matrix, leading to a strong interface leemvthe
CNTs and Al particles.The measured electrical cotidity values of nano Al and CNT reinforced
nanocomposite at room temperature are listed ile tffly.1b). Conductivities of both materials arenast
comparable, but are 1000 times less than reposteédubet al. [6]. These values are less due to HaedsAl,
the presence of a thin layer of alumina and suraedtering of electrons at the CNT/nano Al integefa
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Fig. 2. (a) SEM image, (b) EDS characteristic profile, d3TEM image of 0.5 wt% CNT/nano Al composite.
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It can be seen from fig. 3a that TLC of both mailsrincreases with increasing temperature, wheheaslope
for nanocomposite curve is smaller than that oemano Al. It was found out that the TLC of CNTnferced
composite is 10.13 x Times less than that of pure nano Al.
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Fig. 3: (a) Thousandth linear change (TLC) vs. temperagtlots and (b) CTE vs. temperature for nano Al and
CNT/nano Al composite.

The CTE is calculated at an interval of %D from the linear fitting of the TLC vs. temperauurve and is
shown in fig. 3b. The CTE of nanocomposite decredgeabout 75-85 % compared to that of nano Ahin t
measured temperature range. The reduction of CTteohanocomposite can be attributed to that feat t
CNTs have very low intrinsic thermal expansion (EUE These results are in good agreement with theus
theoretical models [7] that the CNT/metal interfaeffectively restrict the thermal expansion of ahetatrix.

Conclusions:

Through the physical mixing method CNTs were weibedded, dispersed in the metal matrix and havagtr
interface with nano Al. CNT reinforcement has nodwn a significant effect on the electrical condutt of
the nanocomposite but, has effectively reducedZthE of the nano Al matrix and it reduces to abdaH8%%
of that of pure nano Al. This reduction is due tdTnano Al interface, which effectively restrictseet CTE of
the metal matrix.
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