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Abstract

We investigate the structure and properties of SIiC (Silicon Carbide) nanotubes using molecular
dynamics simulation based on the Tersoff bond-order potential, For small diameter tubes, the Si-C
bond distance of SiC nanotubes decreases as the nanotube diameter is decreased, due to curvature of
the nanotube surface. We find that Young's modulus of SiC nanotubes is somewhat smaller than that
of the other nanotubes considered so far. However, Young's modulus for SiC nanotubes is larger than
that of f-SiC and almost equal to the experimental value for SiC nanorod and SiC whisker. The strain
energy of the SiC nanotubes is also lower than that of the other nanotubes. The lower strain energy

of SiC nanotubes raises the possibility of synthesis of SiC nanotubes.
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Table 1. Tersoff potential parameters of SiC
[17}.

C Si
A (eV)  1.3936%10° 1.8308%10°
B (eV)  3467x10° 47118%10°
A (AYH 348M 24799
H(A™H 22119 1.7322
V] 1.5724x1077 1.1000%10°®
n 7.2751%10™ 7.8734%10"
c 3.8049%10° 1.0039x10°
d 4,384 16.217
h -5.7058%10 ~5.9825%10”!
X c-si = 09776

Re-¢ Se-c Rsi-si Ssi-si Re-si Sc-si
193 213 2.60 2.80 2.36 2.56
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Table 2. Equilibrium properties of £8-5iC
Calculated equilibrium lattice constant,
cohesive energy, bulk modulus, and its

derivative.

a(A) E (eV) B (GPa) B’
Present 4.30 -6.17 229 4.65
Tersoff® 4.32 -6.18 225 4.11
MEAM® 4.3 -6.4 211
LDA” 435 219 3.3
Expt.  4.36° -6.34° 225°
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Fig. 1. Structures of SiC nanotubes as
predicted by our -calculation,
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Fig. 2. Cohesive energy of SiC nanotubes as a
unction ~ of the  atomic - volume
normalized to the equilibrium volume.
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Table 3. Bond distance of Si-C and Young's
modulus of SiC nanotubes,

d(5i-C) Ys Y

(A) (TPa nm) (TPa)
SICNT (n,0)
(6,00 1773 0178 0.524
(70)  1.781 0186 0.547
B0 1785  0.193 0.568
9,00 1792 0201 0.591
(n,n)
(6,6) . 1.800 0.209 0.615
(7,7 1802 0211 0.621
(88) 1801 0211 0.621
(99) - 1807 0213 0.626
SiC sheet (e0,0) 1,783
CNT* 66 1431 0415 1.22
(10,00 1435 0416 1.22
BNNT® (66) ~ 1463 0296 0.870
(10,0) 1471 = 0284 0.837
8 -Sic® 0.357
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Fig. 4. Young’s modulus of SiC nanotubes as
a function of the diameter. The value
of carbon and BN nanotubes is adapted
from Reference[22].
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Fig. 5. Strain energy of SiC nanotubes as a
function of the diameter. The strain
energies of SiC [13] (by DFT
calculation), C [22], BN [22], Si [26]
and GaN [27] nanotubes are shown for
comparison.
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