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Comparison of equilibrium parameters, densities with experimental values of CL-20 cells

£-CL-20 y-CL-20 B-CL-20

physical quantity - - - -
expt. 7! this work” Wang! ' expt.[17] this work" expt. 7! this work?”’

alA 8.85 8.85 9.04 13.21 13.04 9.67 9.66
b/A 12.57 12.56 12.84 8.16 8.18 11.62 11.60
c/A 13.39 13.37 13.66 14.90 14.75 13.03 12.94
p/g-cm™ 2.044 2.043 1.921 1.918 1.950 1.989 2.007
err./ % —0.05% - 1.67% 0.90%
RMSD / A 0.17 - 0.54 0.37

Note: 1) Calculated at NPT ensemble, 298 K, 0 GPa.
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Table 2 Prediction of lattice energy and sublimation enthal-
py of CL-20
physical quantity  form expt. Liut® this work"
& —18742¢] -174.6 -191.3
E /kJ-mol™ y -186-2¢! -172.8 -180.8
B —178l26] -166.5 -178.6
& 150-17024 163.7
E.,/ kj-mol™ y - - 155.1
B - - 153.3

Note: 1) Calculated at NPT ensemble, 700 K, 0 GPa.
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Table 3 Results of bulk modulus (B,) and partial derivative to pressure (B}) of e-CL-20

physical quantity  expt.t® expt.t?%! Sorescul3¢) Sorescul?7! this work

p/ GPa 1-5.6 0-2.5 0-3.5 0-2.7 0-3 0-6 0-100 0-280
B,/ GPa 13.6+2.0 11.7+0.9 15.58 11.8+2.7 18.8+0.5 22.0+£0.6 35.0+1.6 43.4+2.6
B’y 11.7+3.2 10.6+1.9 9.37 10.0+5.2 9.5+0.7 5.4+0.4 3.8+0.1 4.1+0.1
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Fig.2 Density curve of CL-20 with temperature or pressure

B3 423 Kif &-CL-20 fh BN 4 FIE AR B4k
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b. Density curve of y-CL-20 with pressure at 413 K
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3.23 HEKRERHESW

Xt 298~398 K ik & 5 Bl N e-.B-Fl y-CL-20 #f iy
SECRR R T S A 15 245 M AL CL-20 &R g ik
REHEBUZ KRB, R 4 TR .

MK 4TI, e-CL-20 =5 Im #A N Ik R /N T
2.5%, JC W] i 4% 1 S M MR R R BB SE B (H K
2.9% I EE R 5 S 45 ARLT  E W] I3 35 % e-CL-20
O FAHE 1 KRB 5E 45 . Sorescu 0K il RDX #
HEAT P kB, 45 5 a Oy ) () A Tl R BT O T
b.clyml, HAKRZ MK 7805 S A0 1% 22 B3t 50% .

B-CL-20 ZE AR 4548 b i & 76 ¢ Jy ] | 5 A0 46
53 T 4IE J 1 A R A R 4 S AR T Z DB LR
3 4P R ) 43 AT R 5 ST, DT B0 ) T 9% [l ) AR
R P 2 B R ¢ 5 1) ) A K R B0 /N T L AR A
I, 3 4 B-CL-20 7E ¢ 5[] (1) #4 i ik 28 Kl mis £k
INTFabdim AT TR A T 2 S X AR T
T35 * B-CL-20 47 FIRIME A I M RSB REA L . T
Sorescu 4 AR L 45 5 AT L a gy ] AU Bk & B0

R4 o p-My-CL-20 K &K
Table 4 Coefficient of thermal expansion of -, 8- and y-CL-20
e-CL-20 y-CL-20 B-CL-20
coefficient
expt.**)  Sorescul**!  this work" expt.!*°] Sorescu'**!  this work" expt.'* Sorescu'®®l this work”’
a,/ 107°K™ 4.95 1.76 4.52 8.72 2.09 3.56 5.35 2.93 3.81
a, /[ 107°K™! 4.91 2.25 4.62 -0.75 2.47 1.42 6.61 1.68 3.72
a./ (107°K™! 4.40 213 4.66 6.40 2.03 3.50 1.48 1.70 2.56
a, / 107°K™ 13.5 5.7 13.9 11.9 6.1 10.3 13.5 6.3 11.0
Note: 1) Calculated at NPT ensemble, 298-398 K, 0 GPa.
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Thermal Expansion and Phase Transformation Studies of CL-20 via ReaxFF-lg Molecular Dynamic Simulation

LI Chang-lin, GAN Qiang, FENG Chang-gen, HU Jing-wei, ZHU Shuang-fei, CHENG Nian-shou
((State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology » Beijing 100081).)

Abstract: In order to analyze high temperature phase transformation of hexanitrohexaazaisowurtzitane (CL-20), phase transfor-
mation temperatures and coefficients of thermal expansion of ¢-, B-, and y-CL-20 were studied via ReaxFF-Ig reactive force field
molecular dynamics, with modified valence potential intercept. To validate the applicability of selected force field, the density,
cell constant, lattice energy, and sublimation enthalpy for three types of CL-20 at room temperature were calculated. The third
order Birch-Murnaghan equation of state was used to fit the p-V curve of £-CL-20, with pressure ranging from 0 to 280 GPa. And
the variation of bulk modulus (B,) and its partial derivative to pressure (B’;) with the increase of pressure is analyzed. High tem-
perature phase transformation analysis shows that e-and y-CL-20 change phases at 398-423 K, of which the £¢—vy phase transi-
tion occurs at atmospheric pressure, while the y —& phase transition needs 0.5 GPa or higher pressure; B-CL-20 transforms to &
crystal form at 448 K. The thermal expansion coefficient analysis shows that there is no obvious anisotropy in the high tempera-
ture thermal expansion process of -CL-20, while 8- and y-CL-20 show anisotropy in ¢ direction and b direction, respectively.
Results show that the modified ReaxFF-Ig reactive force field is suitable for the study of phase transition of &-, 8-, and y-CL-20 at
high temperature and high pressure, while the accuracy of thermal expansion of 8- and y-CL-20 needs to be further improved.

Key words: CL-20; ReaxFF-lg reactive force field; modified valence angle potential energy; high temperature and pressure phase
transfromation ;thermal expansion
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