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Binding Energy and Thermal Decomposition Reaction Properties of DNAN-Based
Melt-Cast Explosive Based on Molecular Dynamics
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[ABSTRACT] Molecular dynamics simulation of the binding energy and solubility parameters of DNAN-based melt-cast
explosive was carried out by Compass force field. The calculated results show that the solubility parameters of DNAN/RDX
mixed system are greater than those of DNAN/HMX mixed system. When the diameter of RDX cluster and HMX cluster are
greater than 15 x 10 ' m, binding energy of DNAN/RDX mixed system is much larger than that of DNAN/HMX mixed
system. Based on the molecular dynamic calculation method of ReaxFF-Ig field, thermal decomposition reaction of DNAN/
RDX mixed explosive at the target temperature of 2 000-3 500 K was studied. Results show that the initial decomposition
reaction path of both DNAN and RDX molecules would be affected by high temperature. In addition to the initial reaction
path to form the nitro functional groups by shedding off the two components, the reaction path to form CH, O fragments from
DNAN and to form HONO and C;H,N; fragments from RDX molecules would be inhibited.
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Fig. 1 Composition and structure of DNAN-based
melt-cast explosive
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Tab.1 Lattice parameters of DNAN/RDX Tab.2 Lattice parameters of DNAN/HMX
mixed explosives mixed explosives
107" m TR B% 107" mx107" m) 107" m ST R 107" mx107"" m)
10 20 44.78 21.2x21.2x21.2 10 20 40.08 22.0x22.0x22.0
10 30 54. 88 22.6 x22.6 x22.6 10 30 50.09 23.3x23.3x23.3
10 40 61.85 23.9x23.9x23.9 10 40 57.23 24.6 x24.6 x24.6
10 50 66.97 25.1x25.1x25.1 10 50 62.58 25.7 x25.7 x25.7
15 20 20.31 27.5x27.5x27.5 15 20 18.49 28.4 x28.4 x28.4
15 30 27.66 27.7 x27.7 x27.7 15 30 25.38 29.3x29.3x29.3
15 40 33.76 29.3x29.3x29.3 15 40 31.20 30.1 x30.1 x30.1
15 50 38.92 30.1 x30.1x30.1 15 50 36. 18 30.8 x30.8 x30.8
20 20 9.70 35.2x35.2x%x35.2 20 20 8.72 36.5 %x36.5%36.5
20 30 13.88 35.8x35.8x35.8 20 30 12.54 37.0x%x37.0x37.0
20 40 17.69 36.3 x36.3 x36.3 20 40 16.04 37.5%x37.5%37.5
20 50 21.18 36.9 x36.9 x36.9 20 50 19.29 38.0x38.0x38.0
25 20 5.28 43.2 x43.2x43.2 25 20 4.95 44.1 x44.1 x44.1
25 30 7.72 43.5x43.5x43.5 25 30 7.24 44.5 x44.5 x44.5
25 40 10.03 43.9x43.9 x43.9 25 40 9.43 44.8 x44.8 x44.8
25 50 12.23 44.3 x44.3 x44.3 25 50 11.52 45.2 x45.2 x45.2
30 20 3.06 51.8 x51.8 x51.8 30 20 2.90 52.7 x52.7 x52.7
30 30 4.51 52.1x52.1x%x52.1 30 30 4.29 53.0x53.0x%x53.0
30 40 5.93 52.3x52.3x52.3 30 40 5.64 53.2x53.2x53.2
30 50 7.30 52.6 x52.6 x52.6 30 50 6.95 53.5x53.5x53.5
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Tab.3 Energy minimization of mixed systems

with different truncation radii

o DNAN/RDX DNAN/HMX
A2/ A/ FAXF AR/ X
" (4.18 2/ (4.18 1R/
m kJ-mol’]) % kJ-mol’l) %

10.5 =3594.29  0.230 -4252.81 -0.049
11.5 -3605.71 -0.080 -41278.52 -0.650
12.5 -3608.55 -0.160 -4263.03 -0.290
13.5 -3604.11 -0.038 -4263.68 -0.300
14.5 -3594.29 0.230 -4245.91 0.110
15.5 =3594.60 0.230 -4259.44 -0.200
16.5 -3603.64 -0.025 -4 258.88 —0.190
17.5 -3616.30 -0.380 -4260.08 -0.220
18.5 -3602.73 -4250.73
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FELGIR R TE - AR T 1Y B AE sk % 4 DNAN 41
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(5x3 x4) RDX H M54 (3 x4 x4)  DNAN

(20 1~)/RDX (30 x 107" m) .DNAN (20 ~)/HMX
(30 x 107" m) &5 5 Bl ILA R BEAT A5 1AL, H |
A 5 AR RSN F R S1,52,83 84,85, 5 Fif
KUER R A AR SHN SR 4 FR, e H Xt e ST
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Tab.4 Lattice parameters of the computational
system with force field applicability

Ak S8/
(107" mx10" mx107"" m)

REGESA %

DNAN S1 35.088 x37.935 x30. 858
HMX S2 32.700 x33. 150 x 34. 800
RDX S3 39.546 x46.296 x42.836

DNAN/RDX sS4 51.800 x51.800 x51. 800
DNAN/HMX S5 52.700 x52.700 x52.700
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0 N—N .C—N.C—H .0—C .C—C %5 6 Fh2ERI A1k
2pig . RS MRAHFEET Compass 1371521 S1.,.54
1S5 THEAR R 1 DNAN 43 Fa5 A i, %
5 F1Z 6 1, DNAN™ A1 RDX ! #5256 ¥4 3k U T
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C7 HEA Y A X R 22 40 0 8 2. 35% 2. 33% A
2.32% , £ S4 K &, 01—C1 , H5—C7 , H3—C6
B B AXT IR 2E 0 5 R 4.73% (4. 46% F14.33%
1E S5 & &, 01—C1 , H3—C6 \N2—C4 £ K i 48
FHRZE N 4. 43% 3.39% 1 3.75% . Rtk
A AE 3 R EAR R R DNAN 20 TR R X R 22 8
INTF2.00% , %2 W] Compass 7] 375 BE W% YE B $f it
DNAN ZF[H] 4544

K AR 5 1, B IE Compass 1137 % 45 il
R RDX VEZGIIE I, I 6 HHf LIE H . 7E
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Tab.5 Chemical bond length of DNAN molecule

obtained by experiment and calculation

107" m
vt = L
SCIH S1 sS4 S5

c2—Cl1 1.402 1.411 1.426 1.413
C3—C2 1.361 1.398 1.375 1.386
C4—C3 1.389 1.398 1.402 1.405
C5—C4 1.369 1.401 1.408 1.407
C6—C5 1.372 1.382 1.373 1.370
C6—Cl 1.378 1.392 1.402 1.392
N1—C2 1.475 1.452 1.461 1.441
03—NI1 1.190 1.218 1.208 1.209
02—N1 1.188 1.210 1.220 1.218
01—C1 1.333 1.385 1.396 1.392
01—C7 1.436 1.425 1.409 1.400
H5—C7 1.076 1.101 1.124 1.098
H6—C7 1.082 1.098 1.094 1.096
H4—C7 1.117 1.099 1.155 1.099
H3—C6 1.062 1.104 1.108 1.098
H2—C5 1.102 1.100 1.117 1.099
H1—C3 1.101 1.096 1.093 1.100
N2—C4 1.467 1.450 1.480 1.522
04—N2 1.211 1.213 1.201 1.209
05—N2 1.212 1.214 1.203 1.211

YI/NF 2. 00% , B Compass 7137 BE 0% 1 1y i i
RDX Z=[H] 2544

T HMX 201 HA HO X FRas i, B o
I T —2F/ HMX 7 T AR s, 3R 7
Hnf DUE L 7E S3 K&, 03—N4 HI—C1 #EK11)
AHAT 15 22 50 5 K 2. 16% F1 2. 88% ; fE S5 1K & b,
N2—C2 N3—C1 ,04—N4 H3—C2 S K AR 2%
43514 3.59% 3.30% 2. 40% F12.60% . [RIH.Z
Ab AEPIRPIH AR & HMX 4 F B AR R 5 24 1
/NF2.00% , B Compass 137 HE0E HER 1A HMX
23 [a) 454

25 PR A 40T S1.82 .83 .84 S5 iHHEA R
H1 DNAN RDX . HMX 4§ 3 Ffi 43 09 S A< AH X 152 22
A AT, Compass 113 RENE UERA IR 3 Fl4r 78 S K
RS IERRAS 125 () 254
2.2 HEEREMBRESH

FEDNAN LI 36 4 25 (13 g A 45 A B
T RA R AR EE R T 2N — 1 EES SR
B IR A VE 2R R I 25 4 R R, I RDX 41 43 1§
HMX £ 435 DNANZH 43 22 [] A AH 25 1 sl b - | T
MR RS X R E IR R B R T A4

N

k6 FHAeitIER s RDX o F &40 3 ka4t K
Tab.6 Chemical bond length of RDX molecule

obtained by experiment and calculation

107" m
. FiaN

b2 SRl S ”

C1—NI1 1.464 1.454 1.432
N1—C3 1.450 1.450 1.398
C3—N3 1.440 1.451 1.437
N3—C2 1.457 1.450 1.409
C2—N2 1.467 1.448 1.452
C2—N2 1.443 1.454 1.431
N4—N1 1.351 1.393 1.338
02—N4 1.232 1.212 1.186
01—N4 1.209 1.211 1.201
N2—N5 1.392 1.388 1.390
N5—04 1.207 1.211 1.195
N5—03 1.203 1.210 1.167
N6—N3 1.398 1.399 1.397
N6—06 1.205 1.212 1.200
05—N6 1.201 1.213 1.194
H2—C1 1.059 1.081 1.084
HI—CI 1.091 1.102 1.075
C2—H3 1.087 1.106 1.072
C2—H4 1.085 1.103 1.104
H5—C3 1.087 1.103 1.102
C3—H6 1.075 1.108 1.079

A7 EEAeit SRR HMX 5 F St st K
Tab.7 Chemical bond length of HMX molecule

obtained by experiment and calculation

107" m
== - i
SR H S3 S5

N2—Cl 1.464 1.454 1.432
N2—C2 1.450 1.450 1.398
C2—N3 1.440 1.451 1.437
N3—Cl 1.457 1.450 1.409
N2—N1 1.467 1.448 1.452
01—N1 1.443 1.454 1.431
02—NI1 1.448 1.460 1.465
N4—N3 1.472 1.451 1.468
03—N4 1.437 1.468 1.430
04—N4 1.455 1.470 1.420
H1—C1 1.354 1.393 1.378
H2—Cl1 1.221 1.210 1.208
H3—C2 1.233 1.212 1.201
H4—C2 1.373 1.392 1.386

P TCIEAFAE TS FE AR B ] i AR A
SESA AR AR T R IR A R R AT AR RE |
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P18 43 5] f) DNAN/RDX ) 45 4 fiE Fl DNAN/
HMX g5 G RemEE 8 ML 9 i, RT3
i )7 A3 2B DNAN 7> THIfER M 8 871. 38
kJ/mol, R4 F 3l J1 2431805 1543 31 () DNAN/
RDX .DNAN/HMX W Ffi i & 14 & 9 45 & e 34 o IE
fH, B HMX Fl RDX W Fp4 5338 5 DNAN 4143
FRE e AR E BT,

%8 DNAN/RDX A1k £ 69 2 54
Tab.8 Binding energy of DNAN/RDX mixed

system
4.18 kJ/mol
[ Erpxonan Eypx E,

20/10 -3602.73 -3020.91 2704.16
30/10 -3209.86 -3020.91 2 311.29
40/10 -1743.64 -3020.91 845.07
50/10 -1164.01 -3020.91 265.44
20/15 -12 818.18 -7 127.33 7 813.19
30/15 -12 190.71 -7 127.33 7185.72
40/15 -11 873.78 -7127.33 6 868.79
50/15 -11633.28 -7 127.33 6 628.29
20/20 -30070.36  -23 749.08 8443.62
30/20 -29 218.66  —-23 749.08 7 591.92
40/20 —-25406.79 —23749.08 3 780.05
50/20 -23655.78  -23749.08 2 029.04
20/25 -49 956.82 -43 441.82 8 637.34
30/25 —49 424.77 -43 441.82 8 105.29
40/25 -48 736.70 -43 441.82 7417.22
50/25 -48 184.11 -43 441.82 -6 864.63
20/30 -89452.04 -83903.32 7 671.06
30/30 - 88 963.27 -83903.32 7 182.29
40/30 -88276.38  -83903.32 6 495.40
50/30 -87597.63  -83903.32 5 816.65

Bl 2 AR B AR IR A R R S A Z5 A i 25
o ME 2 il LI H, 2 RDX 3¢ HMX 4153 1) B
B3t 15 x 107 m B}, DNAN/RDX 1B 414 & 1Y 45
A BEZE KT DNAN/HMX IR G R RN GhE, XTH
MATN TR) TSR R G A RE AL R, S5 R R
DNAN/RDX F1 DNAN/HMX & Z& 1, 24 RDX HIFE A
HMX FFEREARKRT 15 x10 7" m I, J5 & MK |
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Fig.3 Variation curves of different components and main intermediates with time in mixed system
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