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Fig. 1. Snapshot of the MD simulation system for
(8, 8)-BNNT.
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Fig. 2. Buckling and postbuckling behavior of (8, 8)-
BNNT under combined axial compression and torsion
(T =300 K): (a) Axial force-strain curves; (b) torque-
twist angle curves (the notations A and B stand for
mechanical loads of pure axial compression and pure
torsion, respectively. Curves 1 to 4 correspond to
combined loading cases, 1, u= 5.59; 2, p = 2.48§;
3, 0 =0.98; 4, u = 0.48).

EI3eat 7 B EmEA/EHT, (8, 8)-BNNT [
S 357 80 AR R AR AR A i 2 I S AR DL [ R
brth. %G, FELEMRTR T, PR GRS RAR 2 ]
BEARRF G IR R, XS5V B LA AT
DOARERERE. EK I SR A, InE LA 43 5 5.59 A

248 I 1 52 I T AR Ag B R B, 1T i 4 3
HT4 AR REFE A TCAS AL, U BT gk Ll il e ok
PRI 2R 15 215 5L, 99 K8 BT 4504 il im R s T
By AR BE, BN AR AR IS IR BTN, T 4
BT B RO LR ) 2R 3 RN 4, £ R 1Y JE i LA
Lo S A — AR, & R SR BRI R
B, T A Ja, DUFR N b T i R A% i 2 A #
I 1A 28 1 35

0.05

[ (8, 8)-BNNT /4 3,2 a1
T 0.04F T=300K
g
e}
8
s
> 0.03
]
~
)
0
2 0.02
(0]
g
®
=
»n 0.01

Critical point
1 n 1 n 1 n 1 n 1

0 .
0 0.01 0.02 0.03 0.04 0.05 0.06
€

K3 (8, 8)-BNNT 7Efill & FIHL 1% & & 1 £ /E F N piAR
RERE RS AR 4k (T = 300 K; Ik 1, p = 5.59; #hZk 2,
wo=2.48; £k 3, p = 0.98; thek 4, p = 0.48; IHFH S H
NE bR )

Fig. 3. Variation of strain energy as a function of ax-
ial strain for (8, 8)-BNNT under combined axial com-
pression and torsion (7" = 300 K; curve 1, u = 5.59;
curve 2, u = 2.48; curve 3, p = 0.98; curve 4, u = 0.48;

the critical points are marked by solids dot).
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Fig. 4. Buckling modes of (8, 8)-BNNT (T' = 300 K):
(a) Pure axial compression, ¢ = 0.086; (b) combined
axial compression and torsion, u = 2.48, ¢ = 0.070,
¢ = 10.84 (°)/nm; (c) pure torsion, ¢ = 11.70 (°)/nm.
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Fig. 5. Effect of temperature change on buckling and postbuckling behavior of (14, 0)-BNNT under combined axial

compression and torsion (u = 2.48): (a) Axial force-strain curves; (b) torque-twist angle curves.
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Fig. 6. Effect of temperature change on the interactive buckling loads curves of BNNTs under combined axial
compression and torsion: (a) (8, 8)-BNNT; (b) (14, 0)-BNNT.
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Fig. 7. Effect of nanotube size on the interactive buckling loads curves of BNNTs under combined axial compression
and torsion (7' = 300 K): (a) Effect of nanotube radius; (b) effect of nanotube lengths.
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Abstract

Buckling behavior of boron nitride nanotubes under combined axial compression and torsion is presented by using
molecular dynamics simulation. In order to study the effect of helicity and nanotube size, three groups of nanotubes
are considered. The first group is a pair of boron nitride nanotubes with a similar geometry but different helicities,
the second group includes three armchair naotubes having equal length but different radii, and three armchair (8, 8)-
nanotubes with different lengths form the third group. The simulation is conducted by applying Nose-Hoover thermostat
in a temperature range from 50 K to 1200 K. Based on the interatomic interactions given by Tersoff-type potentials, the
molecular dynamics method is used to study variations of atomic interaction in initial linear deformation and postbuckling
stages with various load-proportional parameters, and to determine the interactive buckling loads relationship. By
comparing typical buckling modes under different loads, it is found that the boron nitride nanotube experiences complex
micro-deformation processes, resulting in different variations of atomic interaction and strain energies. When the axial
compressive load is relatively large, the change of atomic interaction for boron nitride nanotubes under combined loads
is similar to that found under the pure axial compression. The onset of buckling leads to the abrupt releasing of strain
energy. As the torsional load is relatively large, the nanotube shows torsion-like buckling behavior, no obvious reduction
of strain energy is observed after the critical point. The present simulation results show that both the armchair and
zigzag nanotubes exhibit nonlinear interactive buckling load relationships. Rise in temperature results in the decrease
of interactive buckling load, and the effect of temperature varies with the value of load-proportional parameter. That
is, the axial compressive load is relatively large, and the effect of temperature is more significant. It is found that the
buckling behavior in the case of combined loading is strongly size dependent. The interactive critical axial and shear
stress decrease as nanotube radius or length increases. The studies also reveal that under both simple loading and
combined load condition, carbon nanotubes possess higher buckling loads than those of boron nitride nanotubes with a
similar geometry, which provides valuable guidance for forming carbon and boron nitride hybrid nanotubes as well as

coaxial nanotubes with superior mechanical properties.

Keywords: boron nitride nanotubes, combined loads, load-proportional parameter, interactive buckling

loads relationship
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