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Fig. 1. Models of the microstructure evolution of the alu-
minum atoms filled in CNT (n, n) and BNNT (n, n) nan-
otubes: (a) CNT (5, 5) and CNT (10, 10); (b) BNNT (5, 5)
and BNNT (10, 10).

N RTEAFE N AINW RIS 2 5,
%f AINW@BNNT (n, n) 5 AINWQCNT (n, n) (n=
5, 10) N AINW #4717 RDF $dli b ot (& 3).
M 3(a) ATEF], CNT(5, 5) &N AINW [ RDF
WAEAEL AR X H5008 25 WA AT L0, R B 45 A PEAR X B
HE. CNT (5, 5) & P AINW AR =4~ E g5 Bl
T 0.421, 0.843 5 1.263 nm Ab. BNNT (5, 5) &
W AINW BT = A F 053 547 F 0.439, 0.879 5
1.319 nm &b, £ WEARX 85 HA D VF5 AT SERE.
WU, AINWQCNT (5, 5) N AINW ) —4EPE |
JE 43 A1 ¥ 51 P g T AINW@BNNT (5, 5) I
1) AINW, HC 322 J5 R a] U5 T M T 1M i)
255t CNT HAA—Fh C JE-FH L, X HE Al i+
VEHI 24 —1y, T BNNT 2 i ¥ # oA [\ 5 7 B,
N F, XTAER AL SRR ] e s 5. madiAl 3
KB, AINWQCNT (5, 5) N AINW ) RDF 45—
WAy B K g E] /T AINW@BNNT (5, 5). R,

186101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 18 (2019)

186101

(b) AINW@BNNT(5, 5)
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(d) AINW@BNNT(10, 10)
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¥ (a) AINWQCNT (5, 5); (b) AINW@BNNT (5, 5);
(c) AINWQCNT (10, 10); (d) AINW@BNNT (10, 10)

Fig. 2. Structure of the optimized AINWQCNT and AINW@
BNNT: (a) AINW@CNT (5, 5); (b) AINW@BNNT (5, 5);
(¢) AINWGCNT (10, 10); (d) AINW@BNNT (10, 10).
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(a) n=>5; (b) n=10

Fig. 3. RDF of AINW in CNT (n, n) and BNNT (n, n): (a) n = 5; (b) n = 10.
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Fig. 4. (a) AINWQCNT (5, 5) and (b) AINW@BNNT (5, 5)
nanotubes before and after buckling.
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Fig. 5. (a) AINWQCNT (10, 10) and (b) AINW@BNNT
(10, 10) nanotubes before and after buckling.
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Simulation research on formation and compressive properties
of aluminum nanowires inside carbon nanotubes
° ° %k
and boron-nitride nanotubes
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Abstract

To know the basic configuration and application characteristics of aluminum (Al) nanostructure, the
structure performances of carbon nanotube (CNT) and boron-nitride NT (BNNT) filled with Al atoms are
studied through molecular dynamics. Optimization results show that the Al atoms in the tube are arranged
neatly into various shapes of nanowires. A bunch of one-dimensional (1D) Al nanowires (AINWs) is formed in
(5, 5) CNT and BNNT, and large beams of AINWs are formed in (10, 10) NT, including 11 beams of 1D
AINWs with highly axial symmetry in (10, 10) CNT and 5 beams of spiral AINWs in BNNT (10, 10). Further
data analysis for radical distribution function (RDF) shows that AINWs inside CNT have larger atomic
distribution density, but those inside BNNT with larger diameter have better crystallinity than those with
similar size inside the CNT. These results can provide a method of designing the nanowires with different
structures and shapes in different micro-nano devices (such as nanospring, nanosolenoid, and others).
Comparison of the axial compression behaviors of the composite NTs and their energy analysis reveal that the
critical buckling strain of AINWQCNT is significantly larger than that of AINW@QBNNT. For the same type of
compound structure, the buckling strain decreases with NT diameter increasing. Therefore, smaller
AINW@CNT has stronger axial compressive resistance. The main reasons are as follows: 1) The AINW in
carbon NTs has a relatively large Al atomic distribution in the axial direction, which is conducive to the
formation of o bond to increase structural stability and mechanical performance. It also plays a decisive role in
enhancing compressive performance. 2) The AINW in the large-diameter boron nitride NTs is helical in shape,
and more Al atoms are distributed in the direction of the cross section, thereby relatively reducing the number
of axial pressure-bearing atoms. In addition, for the same type of nanotube, a tube with a small diameter results
in closer hexagons to the tube wall and larger interaction. These conditions are more conducive to resisting the
transverse subsidence under axial pressure. The energy analysis results indicate that the van der Waals force is
one of the main causes for NT composite stability and increasing compressive strength. These results can
provide a reference for selecting different Al nanowire-reinforced composite structures under different

application conditions, such as high temperature, high pressure, oxidation resistance, and others.

Keywords: aluminum nanowires, carbon nanotube and boron-nitride nanotube, molecular dynamics,

compressing property
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