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ORLK FLE RLEER R ERE
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ANELRF AL e (CL-20) H Y C JR 7 BR i N iR 152
T 6 A CL-20 W AIT £ W, O FIH %5 B2 iz pR 3R 25
WFIE T HArF 2500 AR LA 3 22 M Re AR T R R
B A5 RERW RN BCE N R B R4 28 4 CL-20

1 8l 5§

B SRS (HMX) & H 45 T80 il e iz 25
B 1k RE fo 4 19 ARKE 25 22 — il R P I Ik S ek

PET AT A 4 AR S A R R R e
LA R BRI R A (RDX) 2R B 2R 7E HMX Sk b
2 T 1) A7 7 23 52 )l MR A K o R il A 1 2
T3 AR A TS B R 7 AR BB R o X AN
M) A P AR R 3R 23 5 T 5t R 19 7 St 7R TD e ke P
2 il B A2t Jey B A T TR G AR ST T R ) J A
SEPERED T, RIS IHESE T RDX AR % (PETN) 8 4%
T PR AN AN K 8 T, O R 1 B 1 AR b, 45 R R
B 4% )5 1 RDX A1 PETN OB B B 7t &, H AR 48 2
JRR BN 1% R E R m . REILE MR T &8
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P RE 2 W A P A 45, 1T DL 3 1% 07 1 0 CL-20 1)
PEZEMERE . Bhattacharia S K 25 858 T PETN 544k
Bl bk B L[R2 5 42 5 1 A B LA R T A R AR
FePE . BT, HMX I [A] R ) RDX 4% 1 S H 48 24 R X
HMX 1 58 52 i 1) A 52 A UL 438

R AP RCR IR R B R IE N T A
AN TR # B RDX 40 F 19 B-HMX R & i, R 43 F 3
27 DA BS T BEAS B TS TR (1 B 5% XU T 1
e N RAEH B IS R E S BRI 28, i
FL#8 T AN [l BE B 1 8% 3 5 AR (F ) IO AH 25 1 4
FERE S F R

2 HEFE

2.1 HEEIEE

2.1.1 HMX BfaiERE g
B-HMXCHBGA T i, LT R HMX) & T AR R,

25 [ BE b P2,/C, A% B8l a=6.54 A, b=11.05 A,

S| AR i 98, 5k, L5, %5 . RDX 4404 HMX PE B B2 0 (9 53 7 8 0 2 W5 )], & fE ARk, 2018,26(10) : 828-834.
MIAO Shuang,ZHANG Lei, WANG Tao, et al. Molecular Dynamics Study on Effects of RDX Dopants on Properties of HMX[ ) |. Chinese Journal of Energetic Ma-

terials (Hanneng Cailiao),2018,26(10) :828-834.
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c=8.70 A,a=y=90.00°,8=124.30°, > 2 jib Jitl v (3, &
P HMX 20 F1% 0 HMX Y 5 5 B A 78 an ] 1a BT .
FE 5. HMX B It 22 117, 8 9% R T Smart 803 %F HMX
T RIEAT T e AU LTI Ak S A An ] 1 b i T
SR AR BB BIUS XY Z = AN G 43 A4 E R
T HMXGH fh AR 3 96 4~ HMX 431, &l 2 TR .

=

A

=

a. primitive cell b. equilibrium structure of primitive cell
B 1 HMX I S i 4 1

Fig.1 Primitive cell and equilibrium structure of HMX

2 HMX R i g A5 2
Fig.2 Supercell model of HMX

2.1.2 HMX RS LERER

TE HMX i B A5 780 (O B0A J7 i I s A 45
FF N0 EEAE LB LR BR 4.8.12 Fl 16 4>
HMX 73 5, I 76 AH R A & 48 Jn Al [W] 805 /9 RDX 43+
AT B A R (& 43 80) 43 0 4.17% . 8.33%.
12.50% F1 16.67% (1) P4 Fh HMX Bl fa A5 R, 45 D)5 2
FH16.67% 9 HMX Bl B AR (& 3) 20 i 47 R .
Hrr bRy 5>+ 4 RDX,
2.1.3 F,, RAEREE

HMX B0 5 78 68 0 25, L AE Al A 3k R v ml 3 2o %
I AR S 5 R 3 AR 8 SR R A K 2 TR A
W B GE RDX 1Y 8 2 X HMX 5 SR 5 AR 25 1 B 5%
Wi o 3 B A SRAR IE (F ) 2 IR 9 S0 F = A &
I ¥ EE R B 101 OB AY o Al A Material Studio
(MS) " 8 Visualizer BEBR 5 HE T RAE N 411
Foo 20 T8, i 5 FH H RN FARLAN, an i 4a BT i | ifii )5 A
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I Amorphous Cell BEHR #E T & 6 4~ F,, 5 THERY
TCETE M, % i BN 1.85 g-cm”, WE 4b FFR .

B3 RDXBIHEN 16.67% ) HMX a5 Al
Fig.3 The defective HMX model with RDX doping rate of
16.67%

a. molecular chain of F, ,

b. amorphous cell of F,,;,

4 Fy, 0 THERILRE T

Fig.4 Molecular chain and amorphous cell of F,,,,

2.2 HFHHHFEE

Compass' "/ Jj 5 J& —F NSk 55 137, Hoh 24005
WS BURR BT 2 BB X B 4 U
AR R Bl A R DU T LA A A o R O L
JE T HMX G & i A1 RDXGER f " 34 R A7 5 i 2
MRS . I, AR BT B Compass 1137 17
T8 J12 (MD) B,

TE HMX R il il S FL48 e A R AT MD B 4002 TiT
AR Smart 5 6 ) b 4 A 3E AT 25 R A4 T 1k
W BIOKS BV R 4.186%107° k) -mol =A™, ik 4E
S R B B R B T 0.05 B IA A Ak R R Sz T
RS /MK, PO T BT . T, SO A
RUPEAT T BEARLIE Dk BT B /D A 3B oK A A
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Wi KT, B EER U A

AT MDA, . MD U8 % 76 15 R AE A5 (NPT) R 25
AT AR LR IR B O 298 K, R B IR BN “fine”
B 5k #4243 91 5% B Anderson! Hl Berendsen!'® 77
X I AR ) AT AR S AR AR (vdW ) R R LR
(Coulomb) 1) it A1 J7 ¥ 43 5 % F] Atom-based" '’ Al
Ewald""®", # W7 2 42 B 1.55 nm, 3 % #% by 22 56 ok 47
B IE oI5 7 a3 g i ) B B i Boltzmann 43 A
€, IR H Verlet J5 3 R fif 48 i iz 3l 7 2 1 B4
Xt AR E AT T 20 ps A9 MD B, HT 10 ps X AR
RUR R IEAT 45, J5 10 ps FHF 48 3 0 B it 2 BE =
NS HMEE S8, 0.0 ps BURE— Wk, L3k
100 W30 o X532 2l 0300 1 52 1 43 Br b 20 2
TR R G825 A B X BERUAR R F
i A5 2 IR N RE Ok B P o 38 Gk R R X ORE iR
By R A2 A ) il 26 BN HMX R i e HE 8 Z Bl 2
ik B PR A

3 &Rt

3.1 RDXiBZ 3t HMX ¥ 25 B EE 19 % T

4k 75 AR B A R A XUE T 1 BB AN
PN BE 2% B AE R F I R4S HMXORT RDX R BE , BT 4%
a5 5 SII ALY . PRI, AS B Y A 3 T A
Ji A HIRE R 5 RE 25 B2 AR b 4 |, PP AG RDX 45 %
X HMX HE 24 S8 BE (1) 52 ]
3.1 #BENWEFIEREE

HMX 1 RDX 1Y 51 % # # & N—NO, % A H1 1)
N—N # , {H & i F RDX ZER & i 5 19 o 6 0 508 /)
PRI DA HMX ) g 3% U - 1 FH B AR A4 3R 1Y
i W VE I BE .

g1 SR % SR VR T RE (B, O F8 B2 51 A Y
AR, HoE X

Fyy = —— (1)

K ERRIBEERRETHERET REN SRR,
J-mol™; E, &R 76 MR &R, [ E HMX o Jir A 1Y
NJEFEEAR R ERERE,)-molsn Wik R
HMX 37 H A 5 19 N—N B () B0

IR B 2 R BN, HMX & i e 4B
F LR (1 B 3 O A FH BB (B, ) 430l b 175.88,
166.35,157.80,148.57,139.52 kJ-mol™, fI A UFH
L BEE RDXABZ R B IN, HMX 5 i K HoAB e ps iy
1 By i N RS, T REIR B 9.53~36.36 kJ-mol ™,
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HE5B AR ARREN, £ /N, RG] LR
N 5t 1 BE 18055 , 76 32 B AP SR VE R, 5 ki
T Ty e HE A NI HE 24 o0 i R e . DRt L B
B2 RGN, HMX & B 45 Jr A 80 (1) J2% 32
[ e o Y =R A
3.1.2 HARETE

R AE % B2 (CED) 245 B RN 1 mol BER S
Wy R AR Sy RS B R R R, R 4 T R ELAR
255 R, J& U A8 A ) Fi B 77 (Electrostatic) Z
N P R B | P IR i P NE L e el T e
YER B 55, 51K R W IR B Z M AE 7 — 8 Y QI . JE
21 CED {8/, 3¢ WY E 24 52 8 A2 AR S il 55 1 g 1
/N ] 42 3 WY ) 45 2 R R KR 25 % OB Uk . LA
NS

CED= —F——— (2)
%

Aop, AH, N BERZE R ) - mol™s RN AR W 5L,
8.314 J-mol K", THIRE K, V, AEE/RIAF ,cm®*mol™,

THEAAT 2 HMX &b M S 5 42 858 1 CED fH.
B H oy B u AR Sy AR S a1

R HMXGH SIS 25 B CED KMo i
Table 1
doped models

CED and its components of HMX supercell and its

defect rate CED van der waals force electrostatic

| % /k)-cm™ /k)-cm™ /k)-cm™
0 0.919 0.362 0.547
4.17 0.891 0.354 0.527
8.33 0.867 0.355 0.502
12.50 0.815 0.332 0.473
16.67 0.784 0.323 0.452

HI 6 1 0 R, 4 T2 Jx b B AR 5 HMXRE i Ji A
UK CED Fifi 4 48 2 F W 38 i sl /) , X K Wl & RDX
BACRIE I, HMX B U T 2 R AR
3.2 RDXi#B %X HMX 5 F2311 A M@

PR 5000 I AR 254 3R (R IR 27 5
AG, = AH,, - TAS, <0 (3)
KX ,AG, WIRA BHHEE,)-mol;AH, NiR& K,
Jemol™;AS, MIRE,)- K -mol™. BT AH,, BI{H &
R TE R Y B A AHZ LR 2EE AS,, 1Y TTHk
AR TR AH, o SR, X T8 R &) S
MOBHEYIR A, 0 a3 m A R T L AG, H B9 IE f
BT AH, RN
At
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RDX 4% J5i XF HMX 1 fiE 52 Wi (9 4> T 3h 1 24 BF 5% 831
i T CED REAE A B4 ot 8] B4 A B4 FH 71, Hildeb- Wr.

rand 2SS AW E S BUIOME S, HE NN REEE D =(690 + 1160p)X N,

HF- 7 A p=1.106(pXN,) - 0.84 (7

AE  [AH, - RT
= == = (4)
Vm Vm

A AENERRBNEAE,)-mol™; vV, BRI,
Cm3-m0|'1;AHVﬁ@%%ﬁmJ'mO|_1,Rﬁmﬁi%ﬁ,
8314J'm0|’1-K’1 TR Ko &5 F A B B AE A

AR S HEESHREA FH R,
AH,,
=(6, -8, 0,0, (5)
Vv

Lo o, &AW EBRSE. hG)XTUE
TR B S 8025 (H (AS) W] LI R E A% 41 43 18] AH 25
HH# T 0, H 5 Z M A P dy . % 2511 T MD
THES B HMX G & M S B Je BRIV RN, JCE B
R SR

Fz2 AMNIELGBIAF,,, I ESEH
Table 2

models and F,,,,

The solubility parameter (§) of different explosive

defect rate 8\ MxsRDX Sras3n AS
/ % /)12 cm™32 /)12 cm™? /)12 cm™32
0 30.33 12.80
4.17 29.82 12.29
8.33 29.44 17.53 11.91
12.50 28.55 11.02
16.67 28.01 10.48

&2 LUE B E 224 ROX W 2, HMX
i i B A8 J B R[] F | 22 [) 0 8 B 5 00 25 1 3% W A8
AINCBIAH, BIETE T 0, X KIIBEE RDXBARER
I, HMXE & L S A8 Je BRI [R] F, 22 8] B AH 25 P
BT 5
3.3 RDX#BZEIT HMX IR T MR T

B TR Y R T M2 R R (D) R
JE(p) , IF AR T & mAGE T3 TR Q) , LA X
HLBE R AT IRAR .

Xt T CH,ON, 2, F 7 fif & 5 (OB) 3T 5H 2
LR
[c-(2a+ b/2)]

M

r

o2, b, e A B KE 2545 Tl C JHLO = A5 T 5
FL L M, KE 25 19 B8 JR it g - mol ™
HRR 16 TE 2% 4 390 B AR TR B0 340 2t

OB = X 16 X 100% (6)
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100
ENo == = (PN, + BNy + ZGN)

P, DR IEZG MR E , mesT s p R R 2 R K
GPasp AIEZ ML ,g-cm™ s XN, W HEZ I 2 IE
FCUHE 5 p 1 mol M 25 A SR i R g R T Y B UK
Bs NN SR R SR 7 B R R R BOA R 25y
TP KRR AR o B B B UK s N, R KE 25 03 1 R
KL 2 B 1 25 1 R A GO MR 2500 7 7P 5 j b 4
P B A UK 5 N ol K 25 0 1 vp 5 7l 2 A R0Y
AR

KTBIER Sk B ARSI p, N,

By Nyer G NG 55 S H00 A 5 0T LAl 2o SCik[ 25 13K 45 .
*E%E}ﬁibuﬂ/zt RA AR AT
Q - zwiQ‘ (8)

Kb o BIRGKEZ S iR 453 09 I 504 Q= TR
BHEL S P AL BRI k) - kg o SR Meyer R
252615 06 3 £5 B HMX I RDX B9 4 (6197 k) - kg™ I
6322 kJ-kg™) , XF HMX it J6 455 760 1 5 55 8 1) 4 A
AT I

A RIRRR A RS EOLE 3,

R3OAIE SRB R SR

Table 3 Detonation parameters of different crystal models

defect rate OB p D p Q

/ % [ % /g-ecm™ [/ m-s7! / GPa / k)-kg™
0 34.78 1.79 8766.87 34.75 6197.00
4.17 34.78 1.77 8693.35 33.96 6200.95
8.33 34.78 1.76 8656.59 33.57 6204.98

12.50 34.78 1.72 8509.54 32.02 6209.10

16.67 34.78 1.69 8399.26 30.88 6213.30

Note: OB is the oxygen balance. p is the density. D is the detonation velocity.

p is the detonation pressure. Q is the heat of detonation.

H 2 3 A1 UL, B RDX B 44 R 13 I, HMX i &
Jif S HeAB 2 A OB A7 A2 4k, 202 o HMX Al
RDX & [A] &4, B A7 AH [F) 19 d5 1 0 7200 HMX |
Ji K HoAB 2o B 1) p D R p it 3 45 2% 2R B 1G0T U
JIN NI BE SR 5 1.12%~5.59% . 0.84%~4.19% #l
2.27%~11.14%, X T X =M REE S ZL, AR
I p AR S, o HMX FiTRDX (18 IE & 24 &
FECE MR HMX &I S B A A QRS
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Wi KT, B EER U A

B R BN 2 T, R AR T RDX 4R 34
KT HMX Y 4 2. B 3809 58 Jm i % o 0.06%~
0.26% , B ALE N U/, E & HMX Fl RDX Z [i]
PP 25 (8 He /s, 1 H RDX B 2 i B e b
I, W LLAS H RDX 48 4% 6 B X HMX HE 24 48 22 M e 1Y
A 2 AR AR A G R MR RN R 4R
BRI
3.4 HEFiEgE

FRAE 7 SO T A R AR G
F B O 38 0 B AR R g A AR AR R R i (K,) Al
SYUIRE G (G,) o JE o AR BRURE 5 B9 D) B 5t 1 1
(= R/NS W ([ T
o, =Ce, (9)
Koo =[S, +522+533+2(512+523+5ﬂ)]_] (10)

G, =1 5[4<s]1+522+533%4(5]2+523+53]>r3(544+555+566)]_1 (11)
K o BT, Pase A s K, W R BB &L, Pas G, 2Ky
STUIRLE  Pa; T b5 R Reuss 275 Gy, j=1,2, -+ ,
6) R HVE R B M5 5,0, j=1,2, 00 ,6) A R
R, 5T C i M /I S=C '

TSR M BEAHERE R, LR TR
E,=2G (1 +p)=3K, (1 - 2u) (12)
o, BN SR Pasu 2 IARA L,

HRAE 20 20 (12) #E 5 AR A5 3 M A5 5k D) I A L 1Y
HHE AT FiR

9G.K,
F=— b (13)
3K, + G.
3K, - 2G, )
7006k, + G)

HHE AKX (9)~(14) , K8 HMX & i & I3
FMERI e s B SR K 4R, NE4
LU 5 HMX O 5 R 78 A L, 45 4 B 165 R
F PR AR CE) R BB i (K) M BT YA & (G) 3
Rifi 5 2% Bk [ 25 19 38 o T s /0N L 980N R BE 43 50 SR 1,04,
1.63, 2.57, 3.63 GPa; 0.58, 1.03, 1.51, 1.73 GPa;
0.42,0.64,1.02,1.45 GPa; f] P4 J& (C,,-C,,) , 1K
B 5 80 U B 0 B A (K, /G,) BT BE 5 2% Bl G % 10
K oy BG o, 5 0 wE B2 43 % b 0.35, 0.54, 1.54 Al
2.69 GPa Ll &% 0.11, 0.15, 0.30 Fl 0.64, X % W]
RDX 2% 5t i 47 76 flff HMX 1Y W o | B J3E 0 o 224 53 i
PERE D 55 , 22 Pk I AE e kAR b TESN RAE R L KE 2
WAL,
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R4 HMXH IS AB A S R B T2 28
Table 4
HMX supercell model and its doped models

Elasticity coefficient and mechanical parameters of

defectrate / % 0O 4.17 8.33 12.50 16.67
C,,/GPa 13.9786 13.3578 14.6124 14.6799 13.0447
C,,/GPa 11.5565 11.5127 11.6325 16.2640 16.1672
C,,/GPa 11.9927 11.7055 12.5114 11.9701 11.4793
C,,/GPa 2.6098 2.6181 2.3137 2.6497 1.8359
C.;/GPa 3.3496 2.5813 3.0631 4.0670 3.5638
C,/GPa 3.1491 2.7751 3.1294 3.5366 3.0740
C,,/GPa 5.6400 5.7295 5.7744 5.3048 5.6464
C,,/GPa 5.6482 5.9107 5.6877 8.7545 7.9300
C,,/GPa 4.9513 5.2207 4.7801 5.1380 5.0533
C,;/GPa 0.0323 -0.5584 -0.2398 3.4223 2.1491
C,;/GPa 0.0984 0.3943 0.3356 -0.6224 -0.4918
C,;/GPa 0.8289 0.9510 0.7753 1.2433 0.4560
C,,/GPa -0.3276 -0.3343 -0.4202 -0.9992 -0.6281
E/GPa 11.15 10.11 9.53 8.59 7.53

" 0.32 0.33 0.33 0.34 0.35
K,/GPa 10.27 9.68 9.24 8.76 8.54
G,/GPa 4.23 3.81 3.59 3.21 2.78
(C,,-C,,)/GPa  1.12 1.47 1.66 2.66 3.81
K,/G, 2.43 2.54 2.58 2.73 3.07
4 &®

KMo ¥ 8 128 8 iR 90 T HMXORE & it J -
BBIRI R (5 F,,,, BAH M RS PERE DL S ) 2
PERE , K0T 1 RDX 45 2% B B X HMX HE 25 14 BE 14 52
THOL, 259 R .

(1) B4 B b S 2 HMX JE 25 Y 5 % U T 1R
JH RE F0 N B BE BB W/ 0N 0 R 40 O 9.53~
36.36 kJ-mol™,0.028~0.135 kJ-cm™, £ HMX 424
JRBERE R PRI . BEE B4 RGN, R R A
WK, VB W s .

(2) MEE BB PR BE 3G, HMXJE S 5 F,,
P i B 2 B0 22 (6L 30 W 0k /0N s /0N R BE 43 0 oA
0.51,0.89,1.78,2.32 J*.cm™?, £ HMX ¥E 24 5
Fopn B AH A PRI 0

(3) BAE G T B HMX KE 24 19 % B A ol AR R
A B ZN 1.12%~5.59% . 0.84%~4.19% Fl 2.27%~
11.14% 5 5 g GO I, 35 0 0.06%~0.26% . {HIH:
XFE 25 () ST M A SR B R B R RIS N, 2 5
M) 14) 45 55 2 B0 A8 AL R BB T R

(4) B A8 fE 1T HMX KE 25 19 s PR AR i (R U
R XiLis
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T, 2 B E 25 B HT AR T BE 08055, 2% 1 R AE e M AR 4

Ji%

PEREHE AR AL 22

SE

(1]

[10]

F IR, ok AL HMX R T s Bk SR ] R KR,
1998,21(4):36-40.

WANG Wen-jun, ZHANG Zhan-quan. Current situation and
prospect of HMX manufacture process [J]. Journal of Solid
Rocket Technology, 1998, 21(4): 36-40.
TS, A HMX 5 i T st e () ). AU AR 5E
2011,8(3):22-26.

YU Na-na, WANG Du-zheng. Review on the technology of
synthesis of HMX [J]. Modern Chemical Research, 2011, 8
(3):22-26.

Duan X H, Li W P, Pei C H, et al. Molecular dynamics simu-
lations of void defects in the energetic material HMXL[J]. Jour-
nal of Molecular Modeling, 2013, 19(9): 3893-3899.
W T L AT s A B X PR =T e = e il AR IL
fof 25 b o T S5 AR SRR R SE W ()] 4 B, 2015, 64
(24):243102-1-243102-9.

PENG Ya-jing, JIANG Yan-xue. Analyses of the influences of
molecular vacancy defect on the geometrical structure, elec-
tronic structure, and vibration characteristics of Hexogeon en-
ergetic material [J]. Acta Physica Sinica, 2015, 64 (24) :
243102-1-243102-9.

R )], KHE25 %4, 2011,34(1):77-79.

XU Jiao, WU Li-zhi, SHEN Rui-qi, et al. Effects of dopants
and confined windows on laser initiation sensitivity of explo-
sive[J]. Chiness Journal of Explosives & Propellants, 2011, 34
(1):77-79.

T VL, P s e, X6, 45 . B B 7 2% B0 HMX 45 it R 1 2 4
PEBE S W A 5T [ C1//55 75 I 2 BE B RS SRR 5 25 HOR 2 R BT )
2, KA, 2014,

XU Jin-jiang, CHENG Ke-mei, LIU Yu, et al. Study on the ef-
fect of metal ion on the crystallization characteristics and ther-
mal properties of doped-HMX [C]//The Sixth Symposium on
energetic materials and insensitive ammunition technology,
Chengdu, 2014.

Hao M Y, Chi W J, Tian M, et al. Effect of nitrogen-doping on
detonation and stability properties of CL-20 derivatives from a
theoretical viewpoint []].
nics, 2017, 42(9): 1-8.
Bhattacharia S K, Maiti A, Gee R H, etal. Sublimation properties

Propellants, Explosives, Pyrotech-

of pentaerythritol tetranitrate single crystals doped with its homo-
logsl)]. Propellants, Explosives, Pyrotechnics, 2010, 35:1-6.
Hikal W M, Bhattacharia S K, Weeks B L. Effect of porphyrin
doping on thermodynamic parameters of pentaerythritol tetra-
nitrate (PETN) single crystals[]]. Propellants, Explosives, Pyro-
technics, 2012, 37:1-6.

Choi C S, Boutin H P.A study of crystal structure of B-cyclo-

CHINESE JOURNAL OF ENERGETIC MATERIALS

[15]

[16]

[20]

[21]

[22]

[23

—

[24]

[25]

Sttt

tetramethylene tetranitramine by neutron diffraction [J]. Acta
Crystallographica, 1970, 26(9): 1235-1240.

Accelrys Software Inc. Material Studio 7.0 [CP]. San Diego,
2013.

Sun H.COMPASS: an ab initio force-field optimized for con-
densed-phase application-overview with details on alkane and
benzene compounds [J]. Journal of Physical Chemistry B,
1998, 102(38): 7338-7364.

KA, M A7 WRAE 45 R ALY R HMX il (A 45 1) 4 B 1
MD#F5E)]. & REA R, 2013,21(6):765-770.

LIU Dong-mei, XIAO Ji-jun, CHEN Jun, et al. MD simulation
on the structure and properties of different models for HMX
crystal [J]. Chinese Journal of Energetic Materials (Hanneng
Cailiao), 2013, 21(6):765-770.

SEWE LRI FEBE KL RDX A HMX S A g 2 g 9 43 7 30 )
SR SRR R L) ] S RERT R, 2013,21(4) :485-489.
GUO Xin, NAN Hai, QI Xiao-fei, et al. Molecular dynamics
simulation on mechanical properties of RDX and HMX crystals
and their impacting load response[]]. Chinese Journal of Ener-
getic Materials( Hanneng Cailiao), 2013, 21(4): 485-489.
Andersen H C. Molecular dynamics simulations at constant
pressure and/or temperature[)]. Journal of Chemical Physics,
1980, 72(4): 2384-2393.

Parrinello M, Rahman A. Polymorphic transition single crys-
tals: a new molecular dynamics method[]]. Journal of Applied
Physics, 1981, 52: 7182-7190.

Allen M P, Tildesley D J. Computer Simulation of Liquids[M].
Oxford: Oxford University Press, 1987: 18-20.

Ewald P P. Evaluation of optical and electrostatic lattice poten-
tials[J]. Annals of Physics, 1921, 64: 253-287.

Xiao J J, Wang W R, Chen J, et al. Study on the relations of
sensitivity with energy properties for HMX and HMX-based
PBXs by molecular dynamics simulation[)]. Physica B, 2012,
407(17):3504-3509.

Xiao J J, Li S'Y, Chen J, et al. Molecular dynamics study on
the correlation between structure and sensitivity for defective
RDX crystals and their PBXs[]]. Journal of Molecular Model-
ing, 2013, 19(2):803-809.

Hildebrand J H. Scott R L. The solubility of nn-electrodytes[ M |
New York: Reinhold Publishing Corp, 1950: 424-434.

& FOE LMW 52 TH B IMIL bt A2 Tolk il ikt , 2007
74-75.

JIN Ri-guang, HUA You-ging. Polymer physics[M]. Beijing:
Chemical Industry Press, 2007: 74-75.

FEIE W, kIR HE 25 S BT 3 B N A R B IR R
AR HEARH TSR] S b, 1983,3(3):56-66.
GUO Yu-xian, ZHANG Hou-sheng. Nitrogen equivalent (NE)
and modified nitrogen equivalent (MNE) equations for predi-
cation detonation parameters of explosive-prediction of deto-
nation velocity of explosives[J]. Explosion and Shock Waves,
1983, 3(3):56-66.

BRE T K252 (M ] JE JE U B TR 22 A, 2006 : 345.
OU Yu-xiang. Explosives [M]. Beijing: Beijing Institute of
Technology Press, 2006: 345

FEEFE RTINS TR IML P2 75 3 Tl K2 i i
#£,2011,27:92-93.

WANG Yu-ling, YU Wen-li. Explosives, Initiators and Pyro-

technics [M]. Xi’an: Northwestern Polytechnical University

2018 % % 264 % 104 (828-834)



834 ML KT £V, EER bt s MR

Press, 2011, 27: 92-93. [27] GO MBI IM] JEAT 2 L RAE, 2015:283-284.
[26] Meyer R, Kéhler J, Homburg A. Explosives[M]. John Wiley & YU Mao-hong. Mechanics of Materials [M]. Beijing: Higher
Sons, 2016: 69. Education Press, 2015: 283-284.

Molecular Dynamics Study on Effects of RDX Dopants on Properties of HMX

MIAO Shuang', ZHANG Lei*;, WANG Tao', WANG Yu-ling', HANG Gui-yun', MEI Zong-shu'
(1. School of Nuclear Engineering, Rocket Force University of Engineering, Xi'an 710025, Chinas 2. Military Representative Office in China Institute of
Engineering Physics of Air Force, Mianyang 621999, China)

Abstract: To investigate the effect of hexogen(RDX) dopants produced during the preparation of octogen (HMX) on properties
of HMX, four kinds of HMX models of doping rate as 4.17%,8.33%,12.50% and 16.67% were established. Molecular dynamic
method was used to calculate the interaction energy of trigger bond, cohesive energy density, solubility parameter, detonation
parameters and mechanical parameters of different models, and the results were compared with the related properties of pure
HMX. Results show that RDX doping defect leads to the decrease of interaction energy of trigger bond and cohesive energy densi-
ty, and the reduction amplitude is 9.53-36.36 kJ-mol™, 0.028-0.135 kJ-cm™, respectively. The difference between the solubili-
ty parameters of HMX explosives and F,,,, decreases with the influence of RDX doping defect, and the reduction amplitude is
0.51-2.32. The decrease amplitude of density, detonation velocity, and detonation pressure are 1.12%—5.59%, 0.84%-4.19%
and 2.27%—11.14%, respectively. The heat of detonation rises slightly, which is almost negligible.The RDX doping defect also
leads to the decrease of elastic modulus, bulk modulus, and shear modulus of HMX, but Cauchy pressure, as well as the ratio
of bulk modulus to shear modulus rises. The changes range is 1.04-3.63 GPa, 0.58-1.73 GPa, 0.42-1.45 GPa, 0.35-2.69 GPa,
and 0.11-0.64, respectively. It reveals that with the increase of the concentration of RDX doping defects, the safety and detona-
tion performance of HMX explosives decrease, the mechanical properties become worse, and the compatibility with F,,,, be-
comes better.

Key words: octogen(HMX) ; hexogen(RDX) ; doping defect; sensitivity ; compatibility ; detonation properties; mechanical proper-
ties;molecular dynamics
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