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[ ABSTRACT]

Interfacial interaction between polyvinyl acetate (PVAc) and hexogen (RDX) directly affects the sur-

face coating effect. Therefore, the interaction mechanism can be found by studying its mode of action at the atomic and mo-
lecular level. Molecular dynamics simulation method was used to describe the interaction between components by radial dis-
tribution function. Interaction between PVAc and RDX crystal planes at different temperatures was studied, and diffusion
rate of PVAc on the surface of RDX crystal was calculated. The results show that binding energy of PVAc and RDX decrea-
ses slightly with the increase of temperature at 298-353 K. By analyzing the effective isotropic modulus and Cauchy pres-
sure, it has been found that PVAc can effectively improve the mechanical properties of RDX. In addition, at the tempera-
ture of 343 K, diffusion rate of PVAc on the surface of RDX is the largest, and the mechanical properties of the system are

the most excellent.
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Tab.1 Equilibrium configuration energy at different temperatures
kJ/mol
TiE/K A AER g st fE MW L)
298 —-73 224.405 2 814.900 —-78 042.021 -491.423 —-77 422.905
323 —-72 580.241 2953.119 —-77 831.440 -407.929 —-77 295.822
333 —-72 499.674 2 951.720 =77 894.379 -432.891 -77 333.799
343 —-71 985.097 3235.793 —-77 618.583 -506. 156 —-77 047.738
353 —-71 895.580 3 234.442 —-77 778. 856 -302. 831 —77 348.332
K2 RRREFH T ARG LS
Tab.2 Binding energy of equilibrium configuration at different temperatures
kJ/mol
/K E,. E_.. E,, E,,
298 —-73 224.405 —72 588.592 -302.852 332.961
323 —-72 580.241 —-71 932.487 -329.629 318.125
333 —-72 499.674 —-71 859.941 —-322.863 316.870
343 —-71 985.097 —-71 350.733 —-337.638 296.726
353 —-71 895.580 —-71 267. 687 -325.958 301.935
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Fig.2 Radial distribution function of RDX-PVAc
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Fig.3 Mean square displacement at different temperatures
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Tab.3  Mechanical properties of RDX crystals and RDX-PVAc at different temperatures
o RDX-PVAc
2 DX 298 K 323 K 333 K 343 K 353 K
C,,/GPa 11. 106 12. 037 12. 067 9.912 11. 868 12. 131
C,,/GPa 6.814 11. 467 10. 574 8.902 12. 416 13.739
C5;/GPa -0.488 10. 385 11. 406 10. 809 9. 944 11.355
C,,/GPa 1.457 3.770 1. 836 3.492 1.558 2. 684
Css/GPa -0.032 2.313 2.225 3.718 1. 681 2.579
Ce/GPa 3.475 3.327 2.473 2.059 2.615 3.054
C,,/GPa 3.416 7.709 5.824 5.953 5.819 6. 638
C;/GPa 0.334 5.414 7.367 4. 907 6. 435 5.828
C,,/GPa -0. 406 7.531 6. 637 4. 846 6. 369 5.957
E/GPa 4.261 8. 205 6. 017 7. 863 20. 970 18. 615
K/GPa 3.633 7.112 8. 445 5.755 8. 807 8. 711
G/GPa 1.633 3.137 2.178 3.090 1. 951 2.772
THFALE y 0. 305 0.307 0. 381 0.272 0.329 0. 356
#174 H/GPa 1.960 3.939 3.988 2.461 4.261 3.954
K/G 2.093 2.267 3.877 1.862 4.514 3.142

VR BAAT AL 1) 1 B

WX 3 1530, FE ) RDX db A2 1 7 i —
2 PVAc Ji , H A e 2 B IR T, FERE
T TR s 44 R 8 R 1 A — s S R N U B, 1EL
SR R R TR TR SR G R S FE 298 K T
T, B R G(3.137 GPa) Ik, 7F 323 K i, i1
FAEE (0. 381) S K, % E N M BHERZ )1 Z )5 R
RAIBMEASTE A, B 10 AR Y s A Y\ 1) AR B R
343 K IRET , hr A& £(20. 970 GPa) FlA R
it K(8. 807 GPa) ik Bl K, 7EIXIR B MR R A NI
B, WTPE R (4. 261 GPa) e K, iZ 1R JE F IRy
JEREPER . K/G B 1) T = A B AR, (8 R AR
UK, FE 343 KRR ,K/G (4. 514) ik 0K 1k
R AR, Z5 L FraA I B 00 A8 A A R 15
WAV, AF AN S22 e s

3 Hig

X PVAc 5 RDX AR RFFAT T 43 F 3l J1 224540
XS RE s AR 1 440 PREL T SR R P RS
D7, BARSS R .

1)PVAc 5 RDX HA KM LE A fe, bl il B 1Y
THE , PVAc 5 RDX W45 5 RENS A FEAK, (H 52520
AR, 5 AR E T BHEIF, PVAc 5 RDX 1
ZE G RELE 290 kI/mol LU L, PVAc 5 RDX BYAHZ 1

BT AR R R AR MR

2) #2153 BB 7R, RDX 5 PVAc 9 Fl 4 Ji
Z IAIAF e SR A 55 (R fEAE g

3) ANTRIE BE T X ¥4 05 50 B A A 58 e W, 7E 343
K R E T, PVAc 8 R Ed R, 155 0. 002 1 x
107° m®/s, SE4 9 BT 7 1B E) e

4)RDX EHNNA PVAc )5, REMS A S T H
%k fe, 7E 343 KRN R R0 12 thne i R
5,

2 % X #f

(1] fES5IE, EF. KM 5[ M]. dLat. th E
AT A Talk S22 ], 2001

[2] KINCAID J F, REED R. Bonding agent for HMX ( cyclo-
tetramethylenetetranitramine ) ;4350542 P ]. 1982-09-21.

[3] SOMOZA C. Process for reducing sensitivity in explo-
sives: US5279492[ P]. 1994-01-08.

[4] MONNIER A, SHUTH F, HUO Q, et al. Cooperative for
mation of inorganic-organic interfaces in the synthesis of
silicatemeso structures [ J . Science, 1993, 261 (5126) :
1299-1303.

[5] JONES W T. Desensitizing explosives :
1984-01-10.

(6] ZHIAr, i, (25, 5. B/ =REE S A
BHBRRASHTTE[T]. SREREL, 2008, 16(1) :56-
59.

US4425170[ P].



2019 47 10 A

R CIGTRS RRSERI T3 AR £, 5% <11

(7]

(8]

(9]

[10]

(1]

[12]

[13]

LI J C,JIAO Q J,REN H,et al. RDX coated with hyan-
toin/triazines composite bonding agent[ J]. Chinese Jour-
nal of Energetic Materials,2008, 16(1) :56-59.
I, BN, R, % AFEAH S RDX R
HEFIL)]. SRERDEL, 2009, 17(3) : 274-277.
LIJ C,JIAO Q J,REN H,et al. Interfacial bonding be-
tween RDX and bonding agents[ J]. Chinese Journal of
Energetic Materials, 2009, 17(3) ; 274-277.
M ARZE AF NI, 7 [ B, 4. TATB B PBX 455 RERI T
FERERENEWE[ 1], 152, 2005,63 (6) : 439-
444.
XIAO J J, GU C G, FANG G Y, et al. Theoretical study
on binding energies and mechanical properties of TATB-
based PBX [ J]. Acta Chimica Sinica, 2005,63 (6):
439-444.
MRS, X, e, 3. RS M BOH T i e
[J]. &REAEE,2017,25(1) :2-11.
YANG Z J,LIU X B,HE G S,et al. Advancesin design
and research of composite explosives[ J]. Chinese Journal
of Energetic Materials,2017,25(1) ;2-11.
LIU Z W,XIE H M,LI K X,et al. Fracture behavior of
PBX simulation subject to combined thermal and me-
chanical loads[ J]. Polymer Testing,2009,28 (6) ;:627-
635.
WEESE R K, BURNHAM A K,TURNER H C, et al.
Physical characterizationof RX-55-AE-5 a formulation of
97.5% 2 ,6-diamino-3, 5-dinitropyrazine-1-oxide ( LLM-
105) and 2. 5% Viton A: UCRL-CONF-214557 [ R].
Lawrence Livermore National Laboratory,CA ,2005.
WANG H J,LIU S S. Study on coating and technological
conditions of LLM-105 [ J]. Advanced Materials Re-
search,2011,328/329/330.1161-1166.
XIAO J J,HUANG H,LI J S,et al. Computation of in-

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

terface interactions and mechanical properties of HMX-
based PBX with Estane 5703 from atomic simulation
[J]. Journal of Materials Science,2008,43(17) :5685-
5691.

WANG H J. The choice and application of binder in new
energetic matierals [ J ]. Applied Mechanics & Mate-
rials,2013,330.3-7.

CHOI C S,PRINCE E. The crystal structure of cyclotri-
methylenetrinitramine[ J ]. Acta Crystallographica, 1972,
B28.2857-2862.

BUNTEAND S W, SUN H. Molecular modeling of ener-
getic materials: the parameterization andvalidation of ni-
trateesters in the COMPASS force field [ J]. Physical
Chemistry B, 2000, 104 . 2477-2480.

LICL, ZHANG T T, JI X J, et al. Effect of Ca’*/
Mg®* on the stability of the foam system stabilized by an
anionic surfactant; a molecular dynamics study [ J].
Colloids and Surfaces A: Physicochemical and Enginee-
ring Aspects, 2016, 489 . 423-432.

KARASAWA N, GODDARD W A. Force fields, struc-
tures, and properties of poly (vinylidene fluoride) crys-
tals [ J]. Macromolecules, 1992, 25(26) ;7268-7272.
EWALD P P. Evaluation of optical and electrostatic lat-
tice potentials [ J ]. Annalen der Physik, 1921, 369
(3):253-255.

QIU L, XIAO H M. Molecular dynamics study of
binding energies, mechanical properties, and detonation
performances of bicycle HMX-based PBXs [ J] . Jour-
nal of Hazardous Materials, 2009, 164 (1) :329-336.
ZHU W, XIAO J J, ZHU W H, et al.
dynamics simulations of RDX and RDX-based plastic-

Molecular

bonded explosives [ J]. Journal of Hazardous Materials,

2009, 164(2/3) : 1082-1088.

Y000 0000000000000 0000000000000 0000000000000 S0 0S00(C

(L#EH S5 W)

[14]

YANG C N, CHEN M, JIA L, et al. Determination of
the purity of ammonium dinitramide by RP-HPLC[J].

Chinese Journal of Explosives & Propellants, 2014, 37
(3):74-77.

LU, AT T B, A5 RORE e BOBORH @3 TP
AR FE S AR E R L) ] AL 5 R R,
2014,29(10) :1190-1194.

[15]

[16]

QUAN H N,JIN S Z,LET Y S, et al. Research progress
on selection and optimization of mobile phase in RP-
HPLC[J]. Drugs & Clinic,2014,29(10) :1190-1194.
IHEL FH R BCROAR C 5 3T 5 246 7 - WI/Z 20038—
2018[ S]. dbnt: FAKERAHE TolkJ7,2018.

THEAK. FRGRAH G575 KM ] st e T
b AL, 2005.



