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Molecular Dynamicsin Compressive Plastic Behavior of Nanocrystalline Aluminum
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ABSTRACT: The work aims to study the mechanical response and plastic deformation behavior of nanocrystalline aluminum
under different temperature and strain rate compression conditions, as well as its plastic mechanical behavior under different
deformation conditions. The nanocrystalline aluminum model with random grain orientation was constructed by ATOMSK. The
compression of nanocrystalline aluminum at temperature of 300-700 K and strain rate of 1x10°, 5x10°, 1x10'* and 1x10'"'s™

was simulated by LAMMPS. The simulation results were analyzed by post-processing OVITO. With the increase of temperature,
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the proportion of grain boundary atoms increased, but the elastic modulus of nanocrystalline aluminum decreased, and the total
dislocation density increased with the increase of temperature during compression. With the increase of strain rate, the hardening
rate of the material increased, so the nanocrystalline aluminum presented higher yield strength. When the strain rate was low, a
large number of dislocations existed in the small grains, and the central large grains rotated by 20° from the initial position.
When the strain rate reached 1x10"" s™', the hardening rate of the material was greatly improved, and twins appeared inside the
grains. In the process of plastic deformation, the number of 1/6 (incomplete dislocation) was the largest, which was dominant in
dislocation motion. The main reason for the decrease of elastic modulus of material due to the increase of temperature is that
high temperature provides more energy, leading to the increase of proportion of grain boundary atoms. Strain rate affects the
plastic deformation mode of nanocrystalline aluminum. The increase of strain rate changes the deformation mode from grain ro-
tation to twinning and dislocation, thus improving the hardening rate and yield strength of nanocrystalline aluminum.
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Fig.1 Nanocrystalline aluminum model
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Fig.5 Length variation of dislocation lines in different types of dislocations
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Fig.8 Atomic snagshots for common nearest neighbor analglsis of nanocrystalline aluminum at different strain rates
a) strain rate is 1x10” s™' and strain is 0; b) strain rate is 1x10° s~ and ultimate strain exists; c) strain rate is 1x10° s™ and
strain is 0.2; d) strain rate is 5%10° s™' and strain is 0; ¢) strain rate is 5x10° s™ and ultimate strain exists; f) strain
rate is 5x10° 5™ and strain is 0.2; g) strain rate is 1x10'° s™' and strain is 0; h) strain rate is 1x10'° s™ and ultimate
strain exists; i) strain rate is 1x10'%s™" and strain is 0.2; j) strain rate is 1x10'' s™ and strain is 0; k) strain
rate is 1x10'" s™ and ultimate strain exists; 1) strain rate is 1x10'" s™! and strain is 0.2
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Fig.9 Curves of atomic structure fraction change of nanocrystalline aluminum at different compression strain rates: a) proportion
change of grain boundary atoms at different strain rates; b) proportion change of intracrystalline atoms at different strain rates; c)
atomic configuration change curve at strain rate of 1x10° s™'; d) atomic configuration change curve at strain rate of 5x10° s™'; ¢)

atomic configuration change curve at strain rate of 1x10'° s™'; f) atomic configuration change curve at strain rate of 1x10'" s

3 #Hie
1
2
FCC BCC HCP
1x10" ¢!
3 1/6<112>

-1

SE M-
(1] ,

L 2XXX

, 2005, 33(8): 13-17.
XU Chong-yi, LI Nian-kui. Development and Research

[J].

of Strengthening and Toughening of 2xxx Aluminium
Alloy[J]. Light Alloy Fabrication Technology, 2005,
33(8): 13-17.
[2] , . [J1.
, 2021, 49(4): 13-18.
ZHANG Qi, WANG Guo-jun. Recent Progress in Ul-
tra-High Strength Aluminum Alloy[J]. Light Alloy Fab-
rication Technology, 2021, 49(4): 13-18.
SALEM H G, SADEK A A. Fabrication of High Per-
formance PM Nanocrystalline Bulk AA2124[J]. Journal
of Materials Engineering and Performance, 2010, 19(3):
356-367.
SALEM H G, EL-ESKANDARANY S, KANDIL A, et
al. Bulk Behavior of Ball Milled AA2124 Nanostruc-
tured Powders Reinforced with TiC[J].
Nanomaterials, 2009, 2009: 479185.
BONETTI E, PASQUINI L, SAMPAOLESI E. The In-
fluence of Grain Size on the Mechanical Properties of

(3]

(4]

Journal of

(5]



17

[10]

[12]

[13]

[14]

[15]

[16]

Nanocrystalline Aluminium[J]. Nanostructured Materi-
als, 1997, 9(1): 611-614.

KHAN A S, SUH Y S, CHEN Xu, et al. Nanocrystalline
Aluminum and Iron: Mechanical Behavior at
Quasi-Static and High Strain Rates, and Constitutive
Modeling[J]. International Journal of Plasticity, 2006,
22(2): 195-209.

LIU Yong-ning, CHEN Yi-qing, YANG Chun-hui. A
Study on Atomic Diffusion Behaviours in an Al-Mg
Compound Casting Process[J]. AIP Advances, 2015,
5(8): 087147.

AGHABABAEI R, JOSHI S P. Micromechanics of Ten-
sile Twinning in Magnesium Gleaned from Molecular
Dynamics Simulations[J]. Acta Materialia, 2014, 69:
326-342.

ZHAO Yu-hui, ZHAI lJi-qiang, GUAN Yan-jin, et al.
Molecular Dynamics Study of Acoustic Softening Effect
Assisted
Monocrystalline/Polycrystalline Coppers[J]. Journal of
Materials Processing Technology, 2022, 307: 117666.
MA Yong, ZHANG Song, WANG Tao, et al. Atomic

Diffusion Behavior near the Bond Interface during the

in  Ultrasonic  Vibration Tension  of

Explosive Welding Process Based on Molecular Dy-
namics Simulations[J].
tions, 2022, 31: 103552.
YASBOLAGHI R, KHOEI A R. Micro-Structural As-
pects of Fatigue Crack Propagation in Atomistic-Scale

Materials Today Communica-

via the Molecular Dynamics Analysis[J]. Engineering
Fracture Mechanics, 2020, 226: 106848.

ICHIYANAGI K, TAKAGI S, KAWAI N, et al. Micro-
structural Deformation Process of Shock-Compressed
Polycrystalline Aluminum[J]. Scientific Reports, 2019,
9(1): 1-8.

SYARIF J, ALTOYURI A, MOHAMED I F. Equal
Channel Angular Pressing of Single Crystal Aluminum:
A Molecular Dynamics Simulation[J]. Journal of Mate-
rials Research and Technology, 2022, 17: 888-897.
HONG H D T, TRAN V K, NGUYEN V L, et al. High
Strain-Rate Effect on Microstructure Evolution and Plastic-
ity of Aluminum 5052 Alloy Nano-Multilayer: A Molecular
Dynamics Study[J]. Vacuum, 2022, 201: 111104.

ZAHN D. Molecular Dynamics Simulation of Opti-
mized Shearing Routes in Single- and Polycrystalline
Aluminum[J]. Computational Materials Science, 2009,
45(4): 845-848.

ZHOU lJin-jie, SHEN Jin-chuan, ESSA F A, et al. Twins
and Grain Boundaries-Dominated the Reverse Bausch-
inger Effect and Tension-Compression Asymmetry[J].

[17]

[18]

[19]

[20]

[24]

[25]

Journal of Materials Research and Technology, 2022, 18:
15-28.

[D]. , 2011:
76-89.
MA Wen. Molecular Dynamics Investigations on the
Mechanisms of Plastic Deformation and Phase Trans-
formation of Nanocrystalline Metals under Shock Com-
pression[D]. Changsha: National University of Defense
Technology, 2011: 76-89.
HIREL P. Atomsk: A Tool for Manipulating and Con-
verting Atomic Data Files[J]. Computer Physics Com-
munications, 2015, 197: 212-219.
STUKOWSKI A, SADIGH B, ERHART P, et al. Effi-
cient Implementation of the Concentration-Dependent
Embedded Atom Method for Molecular-Dynamics and
Monte-Carlo Simulations[J]. Modelling and Simulation
in Materials Science and Engineering, 2009, 17(7):
075005.
LIU Xiang-yang, ERCOLESSI F, ADAMS J B. Alu-
minium Interatomic Potential from Density Functional
Theory Calculations with Improved Stacking Fault En-
ergy[J]. Modelling and Simulation in Materials Science
and Engineering, 2004, 12(4): 665-670.
PLIMPTON S. Fast Parallel Algorithms for Short-Range
Molecular Dynamics|[J].
Physics, 1995, 117(1): 1-19.
STUKOWSKI A. Visualization and Analysis of Atom-
istic Simulation Data with OVITO-The Open Visualiza-
tion Tool[J]. Modelling and Simulation in Materials
Science and Engineering, 2010, 18(1): 015012.
YANG Ming, NIE Yu-jing. Study on Non-Equilibrium
Grain-Boundary Segregation of Sulfur among Hastelloy

Journal of Computational

X[J]. Advanced Materials Research, 2011, 181/182:
861-865.
SUN X Y, ZHANG B, LIN H Q, et al. Correlations be-

tween Stress Corrosion Cracking Susceptibility and
Grain Boundary Microstructures for an Al-Zn-Mg Al-
loy[J]. Corrosion Science, 2013, 77: 103-112.

PAN Zhi-liang, LI Yu-long, WEI Q. Tensile Properties
of Nanocrystalline Tantalum from Molecular Dynamics
Simulations[J]. Acta Materialia, 2008, 56(14):
3470-3480.

YUAN Fu-ping. Atomistic Simulation Study of Tensile
Deformation in Bulk Nanocrystalline BCC Iron[J]. Sci-
ence China Physics, Mechanics and Astronomy, 2012,

55(9): 1657-1663.



