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Table 1. Densities of nanostructured aluminum samples.

YRAE R 1# 2H# 3# A#
¥ /g-cm ™3 2.5126  2.5154  2.5192  2.5198
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Fig. 1. (color online) (a) A high-resolution TEM image of an aluminum nanoparticle; (b) SEM image of nanostruc-

tured aluminum; (¢) EDS of nanostructured aluminum; (d) XRD pattern of nanostructured aluminum.
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Fig. 2. (color online) (a) Electrical resistivity (p) at 840 K of coarse-grained bulk aluminum and nanostruc-

tured aluminum samples and corresponding fitting curves (the symbols are electrical resistivity experiment

data, the curves are fitting values); (b) the contribution of grain boundary and intragranular phonon-electron

scattering for the intrinsic resistivity of nanostructured aluminum sample.

R2 YUK e SO SRR FE B R AR (5) k&
8% (m, n)

i3 273 K U (pars k)RR HFHZE (po) REL (a,b)

Table 2. Parameters for electrical resistivity of 273 K (p273 k), residual resistivity (p), coefficient (a,b)

and the power exponents (m,n) obtained by fitting the experimental electrical resistivity of nanostructured

aluminum and coarse-grained bulk aluminum from equation (5).

P SEHRIE /am - por3 k/Qm po/2m a b m n

HH A — 2.53x 1078  2.01 x 1071 9.01 x 1017 0 4 —

AR AR 31 — 2.5 x 1078 — — — — —
PR 14 61.6 1.05 x 1073 5.24 x 10~* 1.71 x 1012 8.99 x 1011 4 3402
PR 24 64.2 1.09 x 103 5.50 x 10~4 1.54 x 10712 1.01 x 10~10 4 3+0.1
YUK 34 62.3 1.12 x 103 5.61 x 10~4 1.68 x 10712 9.96 x 10~11 4  340.1
PR R A 64.7 1.11 x 103 5.60 x 10~ 1.62 x 10-12  1.00 x 1010 4 3402
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Abstract

The nanostructured materials have been revealed to have exclusive physical and chemical properties due to their
quantum-size effects, small-size effects and a large fraction of grain boundaries. Especially, the grain boundaries play
an important role in the electrical resistivity of nanostructured metal. We use the four-point probe method to measure
the values of electrical resistivity (p) of the nanostructured aluminum samples and the coarse-grained bulk aluminum
samples at temperature (7') ranging from 8 K to 300 K to explore the relationship between the electrical resistivity and
temperature. The aluminum nanoparticles produced by the flow-levitation method through electromagnetic induction
heating are compacted into nanostructured samples in vacuum by the hot pressing and sintering technology. The
microstructures of all nanostructured aluminum samples are analyzed by X-ray diffraction (XRD), transmission electron
microscope (TEM), scanning electron microscope with the energy-dispersive spectrometer (SEM-EDS). The densities of
all nanostructured aluminum samples are measured by using the Archimedes method (the medium is absolute alcohol).
The experimental results show that the shape of aluminum nanoparticles is found to keep spherical from the SEM images
and the relative density of all nanostructured aluminum samples is about 93% of the coarse-grained bulk aluminum. The
XRD spectra state that the face-centered cubic (FCC) phase dominates the samples and no diffraction peak related to
impurities appears in the XRD spectrum for each of all nanostructured aluminum samples. Amorphous alumina layers
(about 2 nm thick) are found to surround the aluminum nanoparticles and hence connect the grains in the nanostructured
aluminum as shown in the high-resolution TEM images. Owing to the scattering of grain boundaries on electrons and
the phonon-electron scattering at grain boundaries, the electrical resistivity is far larger in the nanostructured aluminum
than in the coarse-grained bulk aluminum and the relationship between the electrical resistivity and temperature for
nanostructured aluminum shows a different feature from that for the coarse-grained bulk aluminum. Although the
temperature dependent electrical resistivity (p(T")) is a function of T* at low temperatures for the coarse-grained bulk
aluminum, it varies with the temperature not only according to the relation T#, but also according to the relation
T3 for the nanostructured aluminum. The residual resistivity (po) of the nanostructured aluminum sample is about
5.5 x 107* Q-m, 5-6 orders magnitude larger than that of the coarse-grained bulk aluminum (2.01 x 107'° Q-m) due to

the scattering of both the grain boundaries and amorphous alumina on electrons therein.
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