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Table 1. Crystallographic orientation of the FeAl alloy

nanowires.

Orientation X Y Z
(111) [111] [110] [112]
(001) [001] [110] [110]
(110) [110] [110] [001]
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Fig. 1. Schematic illustration of the simulation setup for the

bending of the FeAl alloy nanowire.
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Fig. 2. F-d curves of FeAl alloy nanowires with different

orientations under bending.
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7 485 S I AT HE— 25T B (100) 1RG4, B (100) =

1/2 (111) + 1/2 (111, WA 4(b) s, B ok gk
FIR (100) 7 5. AL SN /L Frank BE i 5%
P, BT (100) J1 BRI ASTE QKL T REAS TR 2 AP 7E.

K3 (111) B FeAl B & KK T AR TE d = 0 nm
(a), 3.585 nm (b), 3.660 nm (c) 1 3.725 nm (d) K Y 5 T4
B, P g R AL S AL, Pl (3R OR BOC 465, 4
3R FCC 4544 L B 1 (0,378 R M 4544

Fig. 3. Atomic configurations of the (111)-oriented FeAl
alloy nanowire upon bending deformation at d = 0 nm (a),
3.585 nm (b), 3.660 nm (c) and 3.725 nm (d), where colors
denote the different local crystal structures: blue-BCC,
green-FCC and white-unknown.

(a) (b)

T

© { (d)

A

W 1/2(111) m(011) m (100)

B4 (111) BRI FeAl 5 4 44 oK 2 W R THT B4 07 5 25 4 05
fif & Hi k470 (a) d = 3.585 nm; (b) d = 3.635 nm;
(¢) d =3.660 nm; (d) d = 3.675 nm

Fig. 4. Structural characteristics and evolution of disloca-
tions in the (111) -oriented FeAl alloy nanowire before frac-
ture: (a) d = 3.585 nm; (b) d = 3.635 nm; (¢) d = 3.660 nm;
(d) d = 3.675 nm.
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XL B R B2 G548 db A R LY 172 (111) R A
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RETEIFMAPKRL NI HZIE 3, MIMTEDIKL
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W, Ho, MR B B — U BRI WG R — o
FIE K. BARAE ] 1 R 4R 7 Rk, (HL R Ak 3
AT G2 IHE F-d e LRIy —A- 8 5525 i
M w2y 6.0 nm MAEH I BIX, %76 X RIE
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B 5 (110) BUE FeAl & 440K 25 fh8 X 7E d = 3.300 nm (a), 4.500 nm (b), 6.000 nm (c), 8.900 nm (d) 1 9.300 nm (e) i &
JELF R R R v e SR AE S A S R, b, i 63K BCC 254, S0 8R FCC Z54, 210387 HCP &5 Lh R 1 8RR A4 44

(f) d = 9.300 nm K ZH KL TE 1860 ps I 9 157 4% 431 4]

Fig. 5. Atomic configurations of the (110) -oriented FeAl alloy nanowire upon bending deformation at d = 3.300 nm (a), 4.500 nm
(b), 6.000 nm (c), 8.900 nm (d) and 9.300 nm (e), where colors denote the different local crystal structures: blue-BCC, green-FCC,
red-HCP and white-unknown; (f) strain distribution within the nanowire at 1860 ps and d = 9.300 nm, where atoms are colored by

their local shear strain.
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| —e— GND density
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I
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OF @
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6 ST S GND H SSD % BE RS th A v fhsd A

Fig. 6. Evolutions of the total dislocation density as well as

the densities of GND and SSD versus bending angle.
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T, TERh L A g S W R D R AR LN
IR 2 N E R B ST NI RS2 €k S 2 0
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5 EARPRE R R ASIEAT AR, (001)
HUm] FeAl & &gk my 25 i A8 DL S AR AR S
SHLEL BT T (001) B FeAl £ 4 4K £k
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4.2 nm B, WEEE| FCC Z5HFHTEGIKZE R EIE
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HE— 20 M T UK Z i) PR KR, R W]
(001) Huji] FeAl 45 4 40K 4 19 25 i 28 1k A2 ML il
DLW 35k B2—L1, #7257 7R ey
e FORFEARASIEAE F-d e 28 B e—
MERIIF B X, UG5 W T B2 45155 &4
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FH PR IS N RN T2

d =6.000 nm

d =9.440 nm

d =9.540 nm

B 7 (001) B FeAl &4 9K 4825 g7 L AE d = 4.200 nm (a), 6.000 nm (b), 8.000 nm (c), 9.440 nm (d) I 9.540 nm (e) i Y
JELF R R R v e SR AE S A S R, b, i 63K BCC 254, S0 8R FCC Z54, 210387 HCP &5 Lh R 1 8RR A4 44

(f) d = 9.540 nm K ZHKRLTE 1908 ps I 19 15 48 431 4]

Fig. 7. Atomic configurations of the (001) -oriented FeAl alloy nanowire upon bending deformation at d = 4.200 nm (a), 6.000 nm
(b), 8.000 nm (c), 9.440 nm (d) and 9.540 nm (e), where colors denote the different local crystal structures: blue-BCC, green-FCC,

red-HCP and white-unknown; (f) strain distribution within the nanowire at 1908 ps and d = 9.540 nm, where atoms are colored by

their local shear strain.
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FeAl 44K 28 75 fi 2 48 0 48 FHEN 30 FE A F-d Wi 1 28 () T 1 3o R 45 B BE RO R T H Y (d)

Fig. 8. F-d curves of the (110) -oriented FeAl alloy nanowire under loading and unloading (a) in addition to the atomic configura-

tions during unloading (b); F-d curves of the (001) -oriented FeAl alloy nanowire under loading and unloading (c¢) in addition to

the atomic configurations during unloading (d).
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Abstract

In nanosystems, the metallic nanowires are subjected to significant and cyclic bending deformation upon
being integrated into stretchable and flexible nanoelectronic devices. The reliability and service life of these
nanodevices depend fundamentally on the bending mechanical properties of the metallic nanowires that serve as
the critical components. An in-depth understanding of the deformation behavior of the metallic nanowires under
bending is not only essential but also imperative for designing and manufacturing high-performance
nanodevices. To explore the mechanism of the bending plasticity of the metallic nanowire, the bending
deformations of B2-FeAl alloy nanowires with various crystallographic orientations, sizes and cross-sectional
shapes are investigated by using molecular dynamics simulation. The results show that the bending behavior of
the B2-FeAl alloy nanowires is dependent on neither their size nor cross-sectional shape of the nanowire, but it
is highly sensitive to its axial orientation. Specifically, both (111) - and (110) -oriented nanowires are generated
through dislocation nucleation during bending, with the (111)-oriented nanowires failling shortly after yielding
due to brittle fracture, while the (110)-oriented nanowires exhibit good ductility due to uniform plastic flow
caused by continuous nucleation and stable motion of dislocations. Unlike the aforementioned two nanowires,
the bending plasticity of the (001)-oriented nanowire is mediated by the stress-induced transition from B2
phase to L1, phase, which leads to excellent ductility and higher fracture strain. The orientation dependence of
bending deformation can be understood by considering the Schmid factor. Moreover, the plastically bent
nanowires with (110) and (001) orientation are able to recover to their original shape upon unloading,
particularly, the plastic deformation in the (001)-oriented nanowire is recoverable completely via reverse
transformation from L1, to B2 structures, exhibiting superelasticity. This work elucidates the deformation
mechanism of the B2-FeAl alloy nanowires subjected to bending loads, which provides a crucial insight for

designing and optimizing flexible and stretchable nanodevices based on metallic nanowires.
Keywords: B2-FeAl alloy nanowire, bending deformation, dislocation density, molecular dynamics simulation
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