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Fig.1 Molecular arrangement of £-CL-20 supercell model
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Table 1 Size and atomic number of £-CL-20 supercell

crystallographic . . o atomic molecules
plane al A bR /A number  number
(010) 106.4 17.5 258.7 46080 1280
(110) 106.5 153 2599 41184 1144
(201) 99.8 25.0 260.9 65520 1820
(011) 96.7 18.2  259.6 44352 1232
(11) 109.4 15.2 260.2 42624 1184
(001) 114.0 12.5 253.6 36504 1014
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Table 2

four atomic

Threshold values of bond order between pairs of

atomic species atomic species bond order threshold

C C 0.55
C H 0.40
C o 0.65
C N 0.30
H H 0.55
H o 0.40
H N 0.55
o o 0.65
o N 0.40
N N 0.55
® 3 LA HE R

Table 3 Table of Chemical Bond Relative Number
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Fig.3 Relative Volume and pressure curves of £-CL-20 at different impact velocities
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Table 4 Comparison of Sensitivity Evaluation Results for Dif-
ferent Crystal Planes of ¢-CL-20

Crystallographic Xu''! The work

plane C,, / GPa K/G P/GPa T/K

(010) 12.4 1.53 41.2 3155.4
(100) 13.7 2.28 39.6 2418.2
(001) 20.2 2.43 34.4 12271

Note: 1) The smaller the value of C, and K/G, the more sensitive it is““';

The larger the value of P and T, the more sensitive it is.

"0 2 4 6 8 10
t/ps

a. 7 km-s™'

c. 9km-s”

B 5 A[E]EEEE pd F e-CL-20 8 5 e N—N B AE X 2 8 il 2%

iﬂﬁ?ﬁmﬁxg,%iETﬁ‘ﬁi_‘(oonw/%%%%@%
S50 510 kmes™ RS pi BF 2k K0y e B R Bl
(010).(110) .(201) =K F B9 N—N fit il & 4 7 &
Ao MET 9 kmes ' whdi, 10 kmes™ i iR & P9 N—
N B T 2k 495 07 B B oo R A B R O 4 AL HL
N—N# GBI, TR R, 9 km-s
i T 6.7 ps B N—N Gl 4t 3085 50, ik C (8
0.668,10 km-s™ #iil; T 2.5 ps i il & i 3045 55, g it
C,1H}0.707,

1.0

0.9 1

© 08+

0.7 1

06
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Simulation Study on the Anisotropy Rule of Impact Sensitivity of £-CL-20

LIANG Lin, WANG Ya-jun, GAN Qiang, ZHANG Wen-bo, REN Shu, LI Gen, FENG Chang-gen
(State Key Laboratory of Explosion Science and Safety Protection , Beijing Institute of Technology, Beijing 100081, China)

Abstract: To investigate the anisotropy of impact sensitivity of the cage-like energetic material hexanitrohexaazaisowurtzitane
(£-CL-20) , this work used the ReaxFF-Ig reactive force field and molecular dynamics method, multiscale impact loading simula-
tions were performed on six typical crystallographic planes: (010), (110), (201), (011), (111), and (001). The correlation
between stress, temperature, chemical reactions, and the direction of impact was analyzed. Results indicate a pronounced an-
isotropy in the impact sensitivity of £-CL-20, with the sensitivity ranking of the planes as (010)>(110)>(201)~(011)>(111)>
(001). The system exhibits the strongest thermo-mechanical and chemical responses when impacted perpendicular to the (010)
plane, implying the highest sensitivity. In contrast, the weakest responses and lowest sensitivity occurs when impacted perpen-
dicular to the (001) plane. Based on these findings, for planar layered energetic materials, impacts parallel to the molecular lay-
ers yield the highest sensitivity, while the impacts perpendicular to the molecular layer opposite result in low sensitivity.
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To reveal the relationship between the molecular arrangement of the cage-shaped energetic molecule &-CL-20 and its anisotropy

of impact sensitivity, the ReaxFF-lg reactive force field was employed to perform multiscale impact simulations. These

simulations focus on the thermo-mechanical-chemical response of six typical crystallographic planes of e-CL-20, namely (010),

(110), (201), (011), (111) and (001). By comparing the diversities in stress, temperature, and chemical bonds (such as

C—N and N—N), the most and lowest sensitive planes were identified. Additionally, a comparative analysis with other typical

layered energetic materials, such as HMX, RDX, FOX-7, and TATB, was conducted to derive a generalized understanding of

the anisotropy in impact sensitivity across energetic materials.
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