W17 % S T B
CHINESE JOURNAL OF ENERGETIC MATERIALS

2009 4 10

7w Vol. 17, No.5

October, 2009

XEHE :1006-9941(2009)05-0561-07

HVMX #5512 5B N S FHNEF R

(AFBEIAFBRERAFSHEAERE L EHZE, JbE 100081)

HE A COMPASS Jj37 % il NPT R LX) B-HMX @b (A BEAT 1T 295 K, K 91 0 ~27 GPa 1953 T3 J1 %%
BERUF AT E B S22 00 BP0 T B-HMX [ IR 45 45 1) 520,45 80T 295 K F B-HMX &5 IR £k, IR [ IR 25 5 # %
GERPEATRA RAG T RIET B-HMX (RBUB R Ky S HOETF p 09— B P80 Ko TH3E 45 SRR W, R Tl 5 R 40 45 7%
B K, 1K, FEAEE 5o Sl At A S0 2 00 0T, 19 B0 S AR B0 I A5 R R B EE 0 i AR AL Ll a3 6/K
Cp-Coy CRIVE ) BOBT 5T 2 8L B-HIMX. 14 8 52 il 45 s 3 949 38 R T 084 O, 7 DR T g A TS ek b P 80 ) e e 2%

KEW: LI B-AMX; 78 Jioe; SR #vkthae

HESES:TI5; 05217.21; XHARIREG A

1 5]

B BERE BRI A ) cE e B A A P BRI Y
FE 25 A BARR 2 S 22 e M 5 R R R JE At o ksl
B AR AR 7 B AR SE A AR AR LA K — 5 T T A B
0 N AL 7 o0 S5 o MEZGEREBE 25 R T R A R Y
e On, RAMER G VFZ KBS E T 3h
(MD) K48, J7 ¥ 18R HE 245 P RE BIF 52 19 39 5 25, ‘B Al LA
AT I BE R R FE 53 1 S 56 B, o T LA B A s
TG i SE R AT A R R

Wi FE4 (1, 3, 5, 7-tetranitro-1, 3, 5, 7-tetrazo-
cine, HMX) /& 4 {if C 15 ] A9 R 1 /K 1 Joe i (S5 PERE B
U 18 FRLTTNE 24, 76 5 PR 45 HE 25 (PBX) ey 1 g [3] 14
HedEFN P AT 7z N AN ST A ORI 2
YR E F 1% HMX CARZS T #8255 Sk P RE HEA T 1A%
MIFFT T EA, R E R %S P COMPASS )
Xy AMX (8 )y 22 P RE 2R AT 1 WP 5, Ao i 1 U R 258
(NVT £#£¢) %) HMX g AR #7840, 15 28] 1 295 K T
B-HMXEfPE R KL C,, .C,, .Cy; . Cyy (Cs5 Co (Cy, . C 5 [ Cyy
Cis .Chs \Co (Co o /574 12.8.10.9.11.4.5.9 4.6 4.8,
3.44952.-0.4,-2.7,-0.4, -1.8 GPa,C,(i,j=
1,2,+++,6) )7 SRR 5 & HEA v R BOE M T, SR IR
B-HMX A7 13 A~ 57 i 1k R %0 4% 1) [ PR AR T

i

75 B #1 :2009-02-25; &[5 H #§:2009-03-30

ES T {1 RK [ AR 2434 E a0 H (10832003)
EEE N A — T (1981 -), 5B, WLOrseA, N4 R Bt i k25 0
%% . e-mail; shiyiding@ bit. edu. cn

BEIWEREAN:HEXE (1965 -), B, ##Z., e-mail; huangfl@ bit. edu. cn

DOI: 10.3969/j. issn. 1006-9941.2009.05.016

PR E BRI G 430 6.9 F13.6 GPa, 4t
Bk AE N SR 4 R 4 TR R £5 (NPT & £3%) % RDX
HEAT T 195 ~445 K (153 F 8 J1 2440, 195 ~ 345 K i,
4l RDX ) s 28 5O o 25y i Ul 132 v 222 o i 34
345 ~ 445 K}, stk RECHEL LS,

ARZS 7 BRI 5% K 24 10 JER 3 0 22 4 Mk 1 Sk,
PR RE B R AR AL 5 R (1) T B 2 B 4, K 2 IR S
D5 LA B 24 Bl AT 56 T A, 3 S 5 AR AR X
SR Y AN TR M FLBAS 5 B o B IE R 43 1 3h 1 28kt
HMX $E47AS 6] ) 55 0 B8 25 140 F 1 J1 24 P Re F o2
HREFBITE w8, i, &85k H
COMPASS Jj 3 xf HMX @R 47 T AR J1 T 1 43 F
R, HE T 295 K T HMX fR 2 05 #2 , IF45
T T S T R B T 4 AR A B

2 HEEREER

COMPASS Jj 37552 ¥ LA AE 53 5l b B A AL 43 11K
AW E T FIRRW Mg — W01 13,
1% 1 375 RE % HE B b TR IS S FBE R S 450 M4
PR3l L Ko 23R RE S5 R o R B RL R B A R
JEO S BRSE TAR R %N B E T HMX R
Al e 2 A B W 46 3 2 P TR BB T 5

HMX A7 4 B i 8L, B-HMX 2 3 i 3 I T e b e
AR . L, AR BIF ST $F B-HMX S BF 5 XF 42, LA
FATS SRR B B T HMX (4 %2 x3)
P AR DL Material Studio #¢{44J DISCOVER #5 3 j
17 MD B, % F Y J& COMPASS Jy 37 1 45 3l 25 T
(NPT) Z%5 " NPT REZERG IR TR N JES p
FI B TOR F5 AN 722, 3 5 9 19 28 48 1) 7 32 o — 24 o



562 o

oooR F17 %

3R S B BE AR SE |, 8 A R BE AR G R AR S B T
JIHMERE o Tl BR[O R B A & N i ik
NPT AR5, BT R By 295 K, Ky
0 ~27 GPa, 4 R G35 2 LA BE -1 1 G 115 4 bk 5
(- B B, B0 — E 2 BOH T8 bre i s
PANSE IR SR A 7R s WA R - o i N DS 5 <
FPEPERE

3 HIESWAE

3.1 SREHL
Olinger %5 N'"*' #£ 1978 4E % £ T B-HMX [ %I
FE4 2k, A ITAR 4% Hugoniot JE R 347 1 3148
7021_??’ P = Dot poltyu, (1)
K, Vo B-HMX HRBL, V, I RA T B-HMX Hfk
Bop AETI, pe WRAIET)  u, R HAE, u, o
i .
1T Hugoniot 3¢ & 4 i 46 4 ¢ & |, 55 52 5 19 55
45 A — & X1, K Olinger %5 ACKs i i Hugoniot
KR A BN OB T w, APl P w, R AN
R BRRE w, FOPR oh P w o
WL (p, V) BHRAS B OhRLF 380 B w, FOh b il
ii ug:
u, = [(p=py)(V, =V)1",

172

— P~ P
wo= Vg (2)
SHBURUI S 32N
u, =c+su, (3)
3 2R TT#E (EOS) -
Vo =V %
p(V) = (4)

[V, —s(Vy = V) 1"
KOG PRIE S e s SRR K f K, KT

pII—B SR K, FIEM TR R : K, =pyc, K, =4s - 1,
Yoo Il Cynn 7£ 1999 £k & 1 o5 — 4> 55 I JE 46

éﬁ“oi ABATIRA 3 B Birch-Murnaghan(BM)EOS[ZIJ s

p(V) — %Ko[n77/3 _ n75/3:| X

2K =) (™ =) (5)

H,m=V/Vy RIS p T BSR4 30535 2% H
3 [y BMJ5 #£ 4l Hugoniot ¢ 2 Xt MD A5 400 % 45 2 17 41
&, 0 5 LR A R LA S % HMX ) MD #4545
RIEAT TR

[1+

3.2 EETERe
IO T3 -J 78 SR AR T SR R A
o, =Cie;, i,j=1,2,---,6 (6)
o, AR, e IR, C o R BERE T -

r¢, ¢, C; C, Cs Cy

¢, C, C, C, C, C,
(C)el = c, C, C; C, Cys Cy 1)

¢ €, C, C, C, C,

¢, C, C,; C, Cy Cg

LC C C C C Cy-

61

MR B ) 2 56 2 I B AT R R S 4 s 2D
21N MRS SR, N R 2 TR R 0 45 4 o R
X C BRI, 2 SR8 Sy 3 A B — B D AR
& B-HMX JtA3 13 gl sr 9 3 v R 80 0 X F 4 1)
[Pk A, A PSS B S R B € C o TR
FR, % C,=4,C,-C, =2u, 0 5 p FR R R EL
(Lame constant) , BB E JA#A L v BT VIBIE: G F
PRBUBERE K, AT A Fl w 787 0 i SR8 g-HMX
B 1 R, HA 2045 16 [ 5 455 i 13 Reuss 73
TPk A UK R K A S VIR R Gl i
FERBOTHR RS, B3 K6 J5, K& m [H MR
LR VR BRI SR AS B E RIAITRA L v

AR SCEE T #2512 40 B SRR 15 B-HMX i 38
FE o AE B-HMX g 4% [n] [ Pk i B i 55148 T, SRR R
B h R e BT DR R AA AN L .

4 FERMTR

4.1 BREEHBEENNTZL

FE R K R B-HMX SR 2540 25 kA= Ax fk, 52 56
gERFEI Y B-HMX HA B TR 45 4% 1) S0k i
SR a b e HBEAE TR J7 I 3G Km0 5 b i e 4 R
K, a IRZ ¢ Fie/s

Bl 1S g-HMX & i 2 550y B A B s g 1 22 1k,
TSR T IAE, 2 O AR S AR IUE . BELZ,
BT S 45 0 45 1) Sk, S BG A H, RIS 8 o
S EW) G BT, MRS b RGN, ISR
RGMK, S ECR L a R SRR & B 2 25
ZRCSHIIRE W LB R ) i A8 4k, S T AH E, B fE
Ut P A B0 45 1) TR 4 SRR R 4R FERE b > a > c IR R
10 GPa i}, 55 R S AH L, d IS 80 a b e 3 5 R 9]
GR1E 1Y 90.4% 85.6% 97.2% ., MIEAEFEEEEF , i



%5

A — T4 HMXCARZST5 72 5wk PR R 09 20 7 3h 122 b 5e 563

SR SRRV AR o 5 b ARG /D IBLILE
HOAKF ,COMPASS Jy e 4b B B-HMX B, 7E a (b Jr (],
AR AT LU SE PR K7 8 T D RS . RS R B AT
P i f rp A AR /N PR IS AE 124° 7245 .

14 . ag’%F)’)
— o a
5§13 o b(EXP)
g 12 o b(MD)
J= 2 C(EXP)
gl * » c(MD)
Sl % ee e,

» ) o 5 o

g 9 o oaoa R R

qE,) A AA A A A

5 8

3 7

D

;:g 6 Lj:m -D LL N ] - om
5

2 0 2 4 6 8 10 12
pressure / GPa

K1 B-HMX g 2 Bhti I J1 )22 AL

Fig.1 The lattice parameters at different pressures

1.02
1,00 { e
098] 5
0] B .,
0.94 |

0921 waEXP) o *®c e .

»a(MD)

8 0901 4 p(EXP) o

088 { o b(MD) .

2 ¢ (EXP)

0.861 4 ¢(MD) o

0.84 ; . . :
0 2 4 6 8 10 12

pressure / GPa

B2 dh M2 RS 0 A6 (Y L R g A

Fig.2 The lattice parameters compression ratio

on ratio
0 »

ttice compressi

la
08 ¢

at different pressures

SR Sorescu™* R Y Ik 43 745 Y BT A 4L F) 45
RSB 28 MW S8 H o 5 b e J ) R 46 R
o AH I VA RIS B Y R 4 45 10 M . 5 Sorescu
BLHALS SEAH L, COMPASS Iy 375 (1 1S 40 45 S B 4 1 2R
T AR RS A ) 50 I B R A 5 SR
B ARGE , WX 550k, COMPASS i 3 0] LUl A B-HMX
ARSI, 1) 2 B-HIMIX ) JE 4 A5 40
4.2 B-HMX Z38%

K3 52 B-HMX HYAEIR p-V RS KR, WL S
MID 4548145 5, 520 7 HE LS00 18 43 50 AR 3% Olinger' ™
Fil Yoo il Cynn ™ {5 B 45 3 2.0 = M 350 IR
Ar AR Sewell " Sorescu ! A SC Y 43 T 3l g 2 H
AR, B 3 B Birch-Murnaghan J5 24U & , 45 R
AL TR o N 3 0] LA Y, AR SC A B 8L 4 it 4
5 S0m Wy ARG WEE K B, 45 5 L 55 55 2 46 Hb i
K AE T BN, B-HMX S R 8 5 4 6 4, WA & )
R 38 R, AR R B X e TR 46 o T Seweell A5 4L FE 45

B H S B 2 S5 LR /N, 16 B COMPASS /73 5 Sewell
I R B 5L T8 TAR 25 B9 43 T R4 1 18] J1 3%
b, 7 AR 3 B-HMX B 5 1A i 45 B 50 % 1 45

m YCdata
e ORC data

4 Sorescu simus
< Sewell simus
o our works

pressure / GPa
(o>}

075 080 08 09 09 1.00
VIV,

3 B-HMX )45 I B 46 4k
Fig.3 Isotherms for B-HMX

% Hugoniot X RGN W u -u, KRWE 4 Fios , FF
SEXSE 3 MELELN u, = +su, REMETH
MIRFR RN u, = +su, + tu, RG2S
Fo MT KU, BTG v, =c+su, WAMHEXLR,
IR TR 26 73 - 1A, B T 4 1 HE R DL S 4y 1 1] 1Y)
MIEAEA  u, 5w, ZRAEE u, =c+su, +tu, KR,
B T EB-HMX/N T 1 GPa 52 55 5040 , 5 I, 52 30 A
FEBA IR R L R S5 A5 B Y RS U
1R il 2 AP AT AR B o AR SO BRI B T
W AL, Rt B 1/ T 1 GPa B B e e T
wu, RFEBESAIELME (H2 NI EE R RE, ]
P -u, R RIGEN0 ¢ Fs FAAE2E S HFIM ¢ s R
B[R RO S AN 825, WIKE /N
1 GPabf iyl oy H % (H il TR my WXE S5 R IR,
H HiX A 70 Bl Es 38 sk = o o 13 ) o
FARIGETI/NT 1 GPa B Y504 $2 4 1 k42, NS
45 RKFE L1/ T 1 GPa AR I S T E T u -,
KARMIEL M,

7000 ) ,
S g0
6000 R o
&

" 5000 o

£ é% o

< 4000 %5:? & ® YCdata

N 28% O»f’/o e ORC data
3000 2 2 Sorescu simus

s < Sewell simus

2000 o our works

0 400 800 1200 1600 2000 2400
Up/m-s"

4Bk, FORA BHMX (% i K 4 2
Fig.4  The isotherms for 8-HMX in the pseudo-(u,,u,) plane



564

bt
o>
S

oooR F17 %

4.3 FREEREENSH

TR B 44 R A B B R R A ) 22 R
Menikoff 45 A2 6 %6f 97 40 S0 Mo~ WEAT 1L VR4 4
BT A8 T 400 5 R A e 26 X 45 SR A S . AR R 5T R
BM J5 B u, =c +su,,u, =c +su, + tui 5 BN BHE AT
TGRS T RBUS R K, R K, 455805 1, WFE 1]
LA H, SR IR IR) By 802 2 20 RS () 201 10 B ot A7 1L
BEI K, A K, A5 255 SRR [ B4 A 20t
] — LB AT LA A5 B K, I K, LA TE—E 22 5
FEC T 35, o A [ L5500 R A7 100 F SR e, e R

15 K, K, 922 58/, 1 Yoo I Cynn f 52 56 ¥4
HEASEI K, F1 K, 7E p <12 GPa i} Jy 14.0 GPa <K, <
16.9 GPa F15.9 <K, <9, H Olinger % A [ 52536 45 15 5]
5 8.4 GPa < K, < 14.0 GPa L} J% 8.5 < K, < 26.2,
Sorescul) MD 4255 5 Olinger &5 A [ 52 56 25 S AH T,
Sewell 55 A MD #4255 5 Yoo Fl Cynn [ 525 AH I
W3 u-u, FEIEY K, 1K, HC P BM Jy 45 21 Y 52 5
SEIRAHIT . ASCHRAR RN K, 55 AH RN, X 5
SEPRAL B B-HMX B8 5 B I A8 W) 5 o

#1 HAREEK REXTENAN-NSHK,
Tablel Bulk modulus K, and its initial pressure derivative K,
Birch-Murnaghan u,=c+su u,=c+su, + tui

K,/GPa K, K,/GPa K, K,/GPa K,

Olinger et al( <7.5 GPa) 8.4 26.2 13.5 9.4 14.0 8.5
Yoo and Cynn( <12 GPa)? 16.7 6.8 16.9 5.9 14.0 9.0
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This work( <12 GPa) 6.9 15.3 8.3 7.9 7.9 9.9
This work( <27 GPa) 7.0 15.2 9.2 6.8 8.1 9.1

Note: 1) Experiment values from Ref. [ 18]. 2) Experiment values from Ref. [20]. 3) Predicted values from Ref. [4]. 4) Pridicted values from Ref. [7].
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Molecular Dynamics Simulation of Isotherm and Elastic Properties of HMX

SHI Yi-ding, HUANG Feng-lei
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract; The isotherms and elastic properties of B-HMX crystals were calculated through molecular simulations in NPT ensemble
using COMPASS force field. The isotherms of B-HMX simulated were in reasonable agreement with experiments. The pressure-
induced changes of the lattice parameters showed the anisotropic compression of B-HMX. The bulk modulus K and its pressure
derivative K, were obtained by fitting the isotherms to different equations of state. However, the values of K, and K, obtained from the
isotherm are sensitive to the fitting forms of equations of state. The elastic constants and modulus were calculated by statistic analysis
mode at different pressures in the range of 0 ~27 GPa. Cauchy pressure C,-C,, and G/K ratios were also calculated which indicated
that B-HMX would become harder as the pressure increased, and as well the B-HMX elastic property transformed from brittleness to
ductibility.

Key words:engineering mechanics; B-HMX; molecular dynamics; isotherm; elastic property



