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K1 Pure-Al5 Gr/ALAKE A MY 7 FEAL  (a) Pure-Al; (b) 1-Gr-0% (c) 2-Gr-0°%; (d) 3-Gr-0% (e) 1-Gr-90°%; (f) 2-Gr-90°; (g) 3-Gr-90°
Fig. 1. Seven models of pure-Al and Gr/Al nanocomposites: (a) Pure-Al; (b) 1-Gr-0°% (c¢) 2-Gr-0°% (d) 3-Gr-0°% (e) 1-Gr-90°%;
(f) 2-Gr-90°; (g) 3-Gr-90°.
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Fig. 2. Simulated torsion angle-shear stress curves for Gr/Al nanocomposites: (a) zy shear stress of the composite with a 0° angle

between the torsion direction and the reinforcement; (b) yz shear stress of the composite with a 0° angle between the torsion direc-

tion and the reinforcement; (c) zy shear stress of the composite with a 90° angle between the torsion direction and the reinforce-

ment; (d) yz shear stress of the composite with a 90° angle between the torsion direction and the reinforcement.
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Fig. 3. Simulated torsional kinetic energy curves of Gr/Al

nanocomposites.
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Fig. 4. Simulated torsional potential energy curves of Gr/Al

nanocomposites.

I, £7 880 E RGN, (R R Bt — P F
1%, ZE 0 Sm e IR s T ER R, i 2
FRBR B9 B0 S A AHELAE T T A A
HORY/ R RN EETAPNNE G D L E AN TS VA AT
TR R Ml TARREAR RS, MTAlish i Tk = A1 380
ST AR T, S REAR XS B, HLAEFL e # e
ARAG TR ZN, 3 S et B 1 B D14 R 7 1 X
ARSI, S5 (6] AR LA TR 1 48 SR E, (A3
R e PEXTHH % S A8k

ORI G FORLSZ RIS FAR I, SR AT
AR S AR L RS 227 HE I T e, AR S RE DR
ETb SIAG SRR, A SR EHR 0 e,
KA = LR R e g ad i S 2] A 5 1, 4%
I a2 o T o - O A R S RE IV
AR EE 101 P A 0 DR, B L ) JAR TR Ao
Mo M R EHEF 1, Her o HE s Jya o 5 i
fleish 20 41 s, AT BRELTE] A RO AE 0 3 2
fift, A FR AN LI AL R B v SRR I ety
A EEH AL AL, DT AR T 32 RE B HH 5% #f) 1) 722 f iRt
JE . JRBOB 2 ) £1 80, RERS 73 BV 1 B TRIBECR,
IS 35 HOICR M, P R AL AL b - 2%, 1A
FBEAK PSR, XA R BT BRCR, (AR Ak
ZK I AR L 8 i, A 7 A ik
2y, B YU | A L AR T, B R
(R BLAT S v Y e i P AT BT 2B

3.3 Gr/Al RESHMEHAERUEEE
Mz

PRl 43 R BT R R T 0 PR, 3R
8 g(r) (/MR T TR B 2. [ 5(a)—(g)

060811-5


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

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 6 (2026) 060811

RIREEER S Gr /AL QUK E GBI 7 AR B R0, SR BATEFI A0 Al R 4 e ) e AR T i 25
BRSO AR 1) o0 PR FERAE, W AUE A P 1 R B A1, A e W)
& 5(a) A] UL, pure-Al 7E r = 3 [l A B MEBRERE R, KETMERFAEHE. £ 18

()

7.2
5.4
3.6
1.8

g(r)

()

8.0
6.4
4.8
> 3.2

1.6

g(r)

[=)

(e)

8.0
6.4
4.8
3.2
1.6

g(r)

g(r)

(=]

g(r)

Pair separation distance

Pair separation distance

B 5  Gr/Al Gk &SR R KB (a) Pure-Al; (b) 1-Gr-0°; (¢) 2-Gr-0%; (d) 3-Gr-0°; (e) 1-Gr-90°%; (f) 2-Gr-90°;
(g) 3-Gr-90°

Fig. 5. Radial distribution functions during the torsion process of Gr/Al nanocomposites: (a) Pure-Al; (b) 1-Gr-0°; (c) 2-Gr-0°;
(d) 3-Gr-0°%; (e) 1-Gr-90°; (f) 2-Gr-90°; (g) 3-Gr-90°.
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Table 1. Analysis table of radial distribution functions

for torsional models.

PR (MR WESSRBHLES AL ‘"%ﬁf%%j%
Pure-Al 8.80 HivE 360
1-Gr-0° 7.95 5 240
2-Gr-0° 7.81 i 0
3-Gr-0° 7.90 HivE 720
1-Gr-90° 8.91 5 360
2-Gr-90° 9.17 i 360
3-Gr-90° 8.54 v 600

Twist angle = 180°
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(a)—(d) Pure-Al; (e)—(h) 2-Gr-0°%; (i)—(1) 3-Gr-90°

Fig. 6. Cross-sectional views of torsional simulations at different angles for Gr/Al nanocomposites: (a)-(d) pure-Al; (e)-(h) 2-Gr-0°;

(i)-(1) 3-Gr-90°.
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Fig. 7. Torsion diagrams of Gr/Al nanocomposites: (a) Pure-Al; (b) 2-Gr-0°%; (c¢) 3-Gr-90°.
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Fig. 8. Lattice transformation diagrams during the torsion process of Gr/Al nanocomposites: (a) Pure-Al; (b) 1-Gr-0°; (c) 2-Gr-0°;

(d) 3-Gr-0°%; (e) 1-Gr-90°%; (f) 2-Gr-90°%; (g) 3-Gr-90°.
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Fig. 9. Variation of total dislocation length during torsion
simulations of Gr/Al composites: (a) Dislocation length un-
der 0° torsion of Gr/Al; (b) dislocation length under 90°
torsion of Gr/Al.
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Fig. 10. Maximum total dislocation morphology in torsion simulation of Gr/Al nanocomposites: (a) 1-Gr-0°; (b) 2-Gr-0°; (c) 3-Gr-0°;

(d) 1-Gr-90°%; (e) 2-Gr-90°%; (f) 3-Gr-90°.
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Fig. 11. Initial dislocation morphologies in the deformation zone of Gr/Al nanocomposites: (a) Pure-Al; (b) 2-Gr-0°.
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Fig. 12. Renderings of Gr/Al nanocomposites after 720° torsion: (a) Pure-Al; (b) 1-Gr-0% (c) 2-Gr-0°% (d) 1-Gr-90°%; (e) 2-Gr-90°;

(f) 3-Gr-0°; (g) 3-Gr-90°.
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Fig. 13. Appearance of graphene in Gr/Al nanocomposites after 720° torsion: (a ) 1-Gr-0°%; (b) 2-Gr-0°% (c) 3-Gr-0° (d) 1-Gr-90°%

(e) 2-Gr-90°; (f) 3-Gr-90°.
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Fig. 14. Statistics of dislocation types in composites with different graphene embedding angles: (a), (b) Pure-Al; (c), (d) 3-Gr-0°;
(e), (f) 3-Gr-90°.
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Fig. 15. Torsional dislocation-stacking fault diagram of Gr/Al nanocomposite: (a) Macroscopic morphology of stacking faults in non-

primary deformation regions; (b) stacking faults and dislocations in non-primary deformation regions; (c) macroscopic morphology

of stacking faults in primary deformation regions; (d) stacking faults and dislocations in primary deformation regions.
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Shockley, as well as between Stair-rod and Shockley; (b) the merging and dissociation of dislocations; (¢) decomposition and merger

of the typical perfect structure in torsion.
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Abstract

In this study, seven models of pure aluminum and graphene-reinforced aluminum-based composite
nanomaterials (Gr/Al nanocomposites) are constructed using molecular dynamics simulations in which 0.5% of
1-3 layers of graphene are embedded at 0° and 90° orientations. This study aims to investigate the microscopic
deformation behavior of Gr/Al nanocomposites under torsional loading. The simulation results indicate that the
graphene significantly influences the torsional mechanical response of aluminum matrix: graphene reduces the
potential energy of the system and smoothens kinetic energy fluctuations through mechanical interlocking and
electron-phonon coupling. The composites containing graphene exhibit stronger shear stress fluctuations with
higher extreme values. The influence becomes more pronounced as the number of layers increase, when the
graphene is embedded at 0°. Specifically, 3-layer graphene embedded at 0° (3-Gr-0°) shows prominent stress
extremes near 540°-610°, indicating that 3-Gr-0° can withstand greater torsional loads.

Further research reveals that graphene embedding disrupts both the short-range and long-range orderliness
of aluminum atoms. The 0° orientation exerts a stronger disruptive effect than the 90° orientation, and an
increase in the number of layers exacerbates this effect. The proportion of face-centered cubic (FCC) structures
decreases as torsional angle increases. A more pronounced reduction in structural stability is observed at 90°
orientation and with an increase in the number of layers. The analysis of dislocations and stacking faults
indicates that graphene hinders dislocation propagation, increasing the angle at which initial dislocations
appear. During torsion, Shockley partial dislocations dominate. The 90° orientation of graphene is more
susceptible to triggering dislocation reactions, while the 0° orientation more significantly obstructs dislocation
propagation. After graphene reinforcement, the generation of intrinsic stacking faults within the composites
requires a larger torsional angle, and the reduction in stacking fault energy facilitates dislocation decomposition.
The 3-Gr-0° configuration predominantly features Shockley partial dislocations, with a moderate dislocation
pile-up effect and a higher threshold for ISF generation. This study provides a theoretical reference for the

structural design and performance optimization of such composites.
Keywords: graphene, aluminum-based nanocomposite, molecular dynamics, torsional simulation
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