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Table 1
PETN lattice parameters and density

Comparison of calculated and experimental results of

parameters  exp. ' Sorescu!') Maiti!"®  Velizhanin®*) present work

a/A 9.38 9.33 9.35 9.26 9.25
b /A 9.38 9.33 9.35 9.26 9.30
c/A 6.71 6.65 6.67 6.59 6.81
a /(%) %0 %0 0 % %
B/(°) 0 ) 0 0 )
y /(°) % %0 0 % %0
p/g-cm™ 1.78 1.81 1.80 1.86 1.79
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Fig.4 The O—NO, trigger bond length distribution in PETN
and PETN (100) at 295 K
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Fig.5 Maximum bond length of O—NO, trigger bond versus
temperature in PETN and PETN(100)
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Table2 ([, .L,. and L, of trigger O—NO, bonds in PETN and PETN(100) at different temperatures

matter bond length K
195 245 295 345 395
PETN Lpron /A 1.407 1.409 1.410 1.411 1.412
Lyo/A 1.412 1.413 1.414 1.414 1.415
L max/A 1.577 1.619 1.620 1.661 1.662
(2.6 x10 %) (2.6 x1078) (5.2 x107°8) (2.6 x107%) (2.6 x1078)
PETN(100) L prob/A 1.414 1.408 1.415 1.410 1.413
Lo/A 1.412 1.413 1.414 1.414 1.415
Lo /A 1.574 1.598 1.625 1.630 1.653
(1.7 x1078) (5.2x1078) (1.7 x1078) (6.9 x1078) (1.7 x1078)
Note: 1) Percentage of the molecules in the whole trajectory with L. .
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Table 3 Interaction energy ( E,_ ) and its components at dif-
ferent temperatures for PETN k) + mol ™'
T/K
energy
195 245 295 345 395
Eo_n 192.34 191.84 190.50 190.16 189.62

internal 0.92 1.13 1.34 1.55 1.93

nonbond 191.42 190.71 189.16 188.62 187.69

vdW -6.49 -6.41 -6.28 -6.20 -6.11
repulsive 7.37 7.33 7.12 7.03 6.95
dispersive -13.86 -13.73 -13.40 -13.19 -13.06
electrostatic  197.91 197.11 195.44 194.81 193.81

Note: Eg _n = Einternal * ENonbond s ENonbond = Evaw + Eglectrostatic »

Evaw = Erepulsive T Epispersive

F4 AENEET PETN(100) H 9 O—N XU 1 F BE FI A

Koyt

Table 4 Interaction energy E, _ and its components at differ-

ent temperatures for PETN (100) k) + mol ™'
T/K

enerey 395 195 245 295 345

Eo_n 209.93 208.96 207.96 207.04 206.45

internal 0.92 1.13 1.38 1.55 1.84

nonbond 209.01 207.79 206.58 205.49 -6.07

vdw -6.53 -6.41 -6.28 -6.20 -6.07

repulsive 7.33 7.29 7.16 6.99 6.87

dispersive -13.86 -13.69 -13.44 -13.15 -12.94

electrostatic  215.49 214.20 212.86 211.64 210.68
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Fig.6 Interaction energy ( E,_,) versus temperature for PETN
and PETN (100)
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Table 5 Cohesive energy density CED and its components of

PETN and PETN(100) k- cm ™’
T/K
matter enerey 195 245 295 345 395
PETN CED 1.05 1.05 1.00 0.96 0.92
vdw 0.54 0.54 0.54 0.50 0.50
electrostatic 0.51 0.51 0.46 0.46 0.42
PETN CED 1.05 1.05 1.00 0.96 0.92
(100) vdw 0.54 0.54 0.54 0.50 0.50
electrostatic 0.51 0.51 0.46 0.46 0.42
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T B R S AR Xk /N IR, K/ G5 0 s ) X 03]
TR X BRI A RE A 5 T AR AR AR Y
BRI G H R TR R E AR T
PETN 1 PETN(100) A [ & T MD #4819 i 1 iz
S G BBk A, K 6 gy AR s RE . &
7 /n i PETN(100) 1 J7 24 P RE Rl IR 2 19 22 1k
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Table 6
PETN and PETN (100) crystal GPa

T/K

195 245 295 345 395
G, 19.8 19.2 17.9 16.7 15.7
C, 20.1 19.0 18.0 16.5 15.6
C 11.8 1.3 10.7 10.2 9.4

Mechanical properties at different temperatures for

matter parameter

PETN crystal

w
<

Cus 6.4 6.0 57 56 5.0
Cys 6.6 6.2 58 53 49
Cye 54 54 54 52 5.1
C, 76 7.7 73 7.0 6.4
C 79 75 7.0 65 6.0
G 81 75 7.0 6.6 6.1

tensile modulus £ 13.1 12.6  12.0 11.3 10.6
poisson’s ratio» 0.3 0.3 0.3 0.3 0.3
bulk modulus K 10.3 9.8 9.2 8.7 8.0
shear modulus G 5.1 4.9 4.7 4.4 4.2

Ciy-Cis 1.2 1.6 1.6 1.4 1.3
K/G 2.0 2.0 2.0 2.0 1.9
PETN(100) G, 20.2 18.5 18.1 -~ 17.0  15.7
Cy 12,5 11.3 1.1 10.0 9.4
Cyy 20.6 18.8 17.6 16.9 15.7
Cuy 6.2 6.0 5.9 5.4 5.1
Css 55 53 54 52 50
Gy 6.3 6.0 58 53 49
c, 84 75 73 64 58
G, 84 76 7.4 7.0 6.5
G, 8.4 7.5 70 6.6 6.0
tensile modulus £ 13.2  12.3  12.1 11.3 10.7

poisson$ ratio v 0.3 03 0.3 0.3 0.3
bulk modulus K 10.8 9.8 9.4 8.6 8.0
shear modulus G 5.1 4.8 4.7 4.4 4.2
Ciy-Cas 22 16 1.4 1.0 038
K/G 2.1 2.0 2.0 1.9 1.9
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Sensitivity Criterion and Mechanical Properties Prediction of PETN Crystals at Different Temperatures by

Molecular Dynamics Simulation

LIU Dong-mei' , XIAO lJi-jun', ZHU Wei’, XIAO He-ming'

(1. Molecule and Material Computation Institute, Nanjing University of Science and Technology, Nanjing 210094, China; 2. College of Biological, Chemical
Sciences and Engineering , Jiaxing University, Jiaxing 314001, China)

Abstract: To explore theoretically the sensitivity criterion and the mechanical properties of PETN explosive crystal, molecular dy-
namics (MD) simulation periodic at 195, 245, 295, 345,395 K for (4 x3 x4) super cells and its cutting model along (100)
crystalline surface was conducted by COMPASS force field in the NPT ensemble. The results show that as the temperature increa-

ses, the maximum bond length (L, , ) of their O—NO, trigger bond increases, the interaction energy ( E,_,) between O atom

and N atom of the O—NO, trigger bond decreases and the cohesive energy density (CED) decreases. These results agree with the
E, _\ and CED can be used as the the-

oretical criteria to predict the heat and impact sensitivity under certain conditions . With increasing the temperature, the elastic co-

experimental fact that PETN becomes more sensitive as the temperature increases. The L__ |
efficients and elastic modulus decrease, the stiffness of PETN crystal decreases and the flexibility increases, which agrees with the
experimental fact, indicating that the MD simulation of PETN cutting model is able to yield more concrete quantitative results.
Key words: physical chemistry; tetranitro-pentaerythrite( PETN) ; molecular dynamics (MD) simulation; maximum bond length;
interaction energy; sensitivity; mechanical property

CLC number: T)55; O64

Document code: A DOI: 10.3969/j.issn.1006-9941.2013.05.002

CHINESE JOURNAL OF ENERGETIC MATERIALS

I‘A}
b
oo

At 2013 4% #21 % #5# (563 -569)



