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High-temperature Shrinkage of Single-walled Carbon Nanotube
Bundles up to 1600 K

Yositaka Yosida

Department of Materials Science, College of Science and Engineering, Iwaki Meisei University,
Iwaki, Fukushima 970-8551, Japan

An experimental study of X-ray diffraction of single-walled carbon nanotube (SWNT) bundles in the temperature
range from 290 to 1600K is reported. The lattice constant (Lo) of a close-packed trigonal arrangement of SWNTSs in
the bundles shrank over the entire temperature range. The hysteretic temperature dependence of Ly was observed and
discussed in terms of desorption of molecules from the bundle surface and of a magnetic phase transition of
ferromagnetic metal catalyst particles. The coefficient of volume thermal expansion for the bundles is suggested to be
negative over the measured temperature range by assuming that the tube-axis expansion is similar to the in-plane

expansion for graphite.
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Fig. 1. Scanning electron microscopy image of the
surface of an as-prepared sample composed
of nanotube bundles with diameter ~30 nm.
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Fig. 2. XRD profile of the SWNT bundles measured
at 290 K. The lattice constant L is derived
from the scattering vector Qi of the indi-
cated (10) reflection at Q19~0.43 A™% Lo=
47/(/3 Q). A coherence length of the 2D
SWNT lattice is determined to be ~100 A
from the (10) peak width 4(Q10)=0.09 A~L.
The inset is a schematic of the lattice consist-
ing of seven SWNTs with several parameters;
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Fig. 3. L; vs. T plot of the SWNT bundles in the three
cycling measurements. The data points ob-
tained in the second (A, ¥) and the third (@,
M) runs show a simple relationship between
Ly and T, quite different from the behavior
in the first (O, [J) run.
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Fig. 4.~ Isobaric linear expansivity 4Ly/L(290) vs. T
for the 2D SWNT lattice; Lo(290)=16.78
0.05'A.""The data points ‘are obtained from
the second and third runs as shown in Fig. 3.
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