124 AR, H AR, B0, PG

NEHRS: 1006-9941(2016)02-0124-05
e-CL-20 AN[E 25 PVA.PEG € §¥ ) MD &)l

1 N/ 1 2 NV |
R, HAE B BT HEY
(1. §XAEIAF LI FRLTFTEMBITERRTH, LH Ex 210094; 2. vFEIRYEFT A SHRMES R EZWEEF F
HEELKHZE, W % H 621999)

OB NIRWTAILEAE o-CL-20 (XA 2N A A 2% %e) (001) ((110) F1(020) i 1 fY &-CL-20/PVA (R LK) 5
£-CL-20/PEG (R & — 1% ) S & W) HI RS E Ve AN J1 2 PRk, 72 COMPASS J335 T, X £-CL-20/PVA 5 £-CL-20/PEG #E47 T % il % 43
T B 1% (MD) BT . SRAFILN R AEH B (CED) 45 4 HE ( By ) FAPE S B (FLMBLEL £ BV IR G R BB K AR I v
PR C,-Coy) o &5 RFW  FEMI i1 F,e-CL-20/PEG #y CED . £-CL-20/PVA [k, R ZH R E I Tl & . X T —
&Y, CED HEFp29(020)>(001)>(110) . 7EAR[E T L, PEG 5 T Y £, b PVA B9 MRl — B2 &4, 1 B RADKIF N

(001)>(110)>(020) , MKIEIAFSLFN K/G {H , e-CL-20/PEG [ 84 F1 4 J& 1t 5t T 2-CL-20/PVA,
KR ANTHIEANR L FMELE(CL-20) ; BOMHmEE(PVA); BZ FE(PEG); WRAEHE (CED) ; S5 AR (Eyng) s 12 MERE; 4

T3 2L (MD)

HREZES: T)55; 064 NERIRERG: A

DOI: 10.11943/j.issn.1006-9941.2016.02.003

1 5 8§

PN S RS S %% s (HNIW, CL-20 ) & — il
HA TS T0 45 0 00 1 50 22 B e 2K s e b I AL & )
(HEDC) , J&35 4 A 1R A A & 3R 52 Bk 1 T s ) Bk
MR YEZS L FEC A 4 R (- B y-F £-)
HhH IR E R R DL e-CL-20 S fa )RR | A
SR BRG] T G, W e-CL20 S TE
ErA AT S R 2 A i R P R

IR, LAALAE 25 5 9 B 45 6 25 (PBX) 76 N 1) &5 fiE
SRR RN 4, 5 4 T 80 J12% (MD) By
e WFIE R RE S A MR I 4 S5 R S RE B G R 75
BBOR 2 1 6T X CL-20 A, R AL AT
MD J5 B LT 41 4 il 0 0 5 S 8, RORS [RD
IR 3R CL-20 b A i v o B R pLm Mg
WXL e-CL-20 &k A3 Hy PBX BIF T MD # LT
FE o AR A G W AR PBX (M R R PBX Fih
KM AN T VE IR R e AR

i EH: 2015-02-19; fEEIH#3: 2015-06-15

E€WH: HEARPFEEZE RS T E TR 85 b ks & 6
Y (U1230120)

EE B RZbAR(1989-) B BB A, £ NG E GeA R 19 4 F
S REAFSE . e-mail; yuanlinlin0916@ 126. com

BEBRREAN: HAFE964-) 5 B3, 105, TENF IS 5T R HTE
TR & RER R R Y R BFSE . e-mail: xiao_jijun@ njust. edu. cn

Chinese Journal of Energetic Materials, Vol.24, No.2, 2016 (124-128)

£-CL-20 Sk PBX g5k FpERg i s 7 45 | i
B 5 25 5y R e AR e-CL-20 A TC 5 B34
PET HSARIE . SCHk [ 18], &-CL-20 iy A )
FLANIEA (110) ,(001) . (11-1) (011) ,(20-1) An
(020) , HAH Ry 2 1w AL 4 51 e R ALY 47, 40%
26.70% .7.13% .2.80% .6.49% £19.38% ,

BT E—HE &-CL-20 BiA S5 &0 TR E &
Yy VR B Y B ) B, AR BT 9T 0k BRI 20 B
(PVA) (R ZBE(PEG) 78 i B 2 3 Th AR 1 3 28 5 T
(001) (110) F1(020) |, 4 HHy 4 -CL-20/PVA Fi
e-CL-20/PEG 3L 6 Fl & & Wi/, b 47 % W F
MD AR FE , BRI AT L3 e AT B AR 1 RN T M RE
75 7 B W PVA Hl PEG 5 ¢-CL-20 Z ] i B i /E
DL A 25 R 5 BE AR BB I 7 R R S %

2 MD BEHLFEME T

2.1 AFEFMEREE

MD BEL45 R L% B e T i i 355
¥, COMPASS Jj37' ") i I8 45 1 2 55 RE AL A 9 S H:
RA R R AR R B

P EAE BEE n=100 1= B9 PVA F1 PEG JE 14 ,
AT 5% B 43T S (R ppoa =1.28 g - mL™ |
prec=1.27 g+ mL™"), PVA il PEG 4y 4% 4% it Fl H
st OH f i, WLIE 1, J5i 1443 5l 702 F1 703,

L

www. energetic-materials. org. cn



£-CL-20 AN [ i 55 PVA (PEG &5 ¥ MD K4l

125

H
H—-C—C—H HO—~C—C—0——H
Hy | Hy Hp
OH
a. PVA b. PEG

B 1 PVA 5 PEG B4 F 4544
Fig.1 Molecular structures of PVA and PEG
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Fig.2 £-CL-20/PVA and ¢-CL-20/PEG composites models
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1 &-CL-20/PVA Fil £-CL-20/PEG A[) & i 5 45 ) V3 5% g 25 I 043
Table 1 Cohesive energy densities and their components for £-CL-20/PVA and £-CL-20/PEG composites on different crystalline
surfaces k) - cm™
&-CL-20/PVA &-CL-20/PEG &-CL-20
parameter
(001) (110) (020) (001) (110) (020) (001) (110) (020)
CED 0.66 0.52 0.70 0.68 0.63 0.71 0.84 0.74 0.85
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
E 0.29 0.23 0.30 0.32 0.30 0.32 0.33 0.32 0.33
vaw (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
E ) 0.37 0.29 0.40 0.36 0.34 0.39 0.51 0.42 0.51
Electrostatic (0.01) (0.00) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Note: Data in parentheses are corresponding standard deviations.

£ 2 £-CL-20/PVA Fil ¢-CL-20/PEG & & W5/ [6] i 1 19 45 & g M Ho o &
Table 2 Binding energies and their components for £-CL-20/PVA and ¢-CL-20/PEG composites on different crystalline surfaces
k) - mol™
e-CL-20/PVA e-CL-20/PEG
parameter
(001) (110) (020) (001) (110) (020)
E -97536.6 -97706.6 -98056.1 -87900.0 -87578.9 -88522.0
otal (162.4) (100.1) (150.3) (145.3) (143.2) (70.3)
E -87648.8 -88088.3 -88683.5 -87712.4 -87719.5 -88801.2
ee20 (166.2) (78.7) (157.4) (119.7) (150.7) (98.4)
I3 -7525.3 -7741.7 -8013.0 2291.8 2318.1 1913.4
poly (121.8) (70.3) (79.1) (81.2) (84.2) (59.5)
E 2362.5 1876.5 1359.6 2479.3 2177.1 1634.6
Bind (39.8) (53.2) (44.0) (46.1) (46.5) (27.6)

Note: Data in parentheses are corresponding standard deviations.
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Table 3 Mechanical properties for £-CL-20/PVA and ¢-CL-20/PEG composites on different crystalline surfaces

£-CL-20/PVA £-CL-20/PEG £-CL-20
parameter
(001) (110) (020) (001) (110) (020) (001) (110) (020)
p 4.9 3.0 7.1 3.9 3.4 5.6 14.1 4.4 12.8
(0.2) (0.04) (0.1) (0.1) (0.1) (0.3) (0.3) (0.1) (0.1)
0.3 0.3 0.3 0.4 0.4 0.4 0.2 0.4 0.3
v (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
p 4.4 4.0 6.8 5.1 4.5 6.3 10.3 6.3 9.8
(0.1) (0.2) (0.1) (0.1) (0.1) (0.2) (0.2) (0.1) (0.1)
G 1.9 1.2 2.7 1.4 1.2 2.1 5.5 1.7 5.0
(0.1) (0.02) (0.04) (0.02) (0.02) (0.1) (0.02) (0.1) (0.04)
K/ 2.3 1.6 2.5 3. 3.7 3.1 1.9 3.7 2.0
(0.1) (0.1) (0.04) (0.1) (0.1) (0.2) (0.04) (0.1) (0.02)
C..C 0.4 0.9 2.1 1.1 2.3 2.5 -5.1 3.1 1.8
12 (0.2) (0.1) (0.1) (0.1) (0.1) (0.1) (0.2) (0.1) (0.1)

Note: 1) Data in parentheses are corresponding standard deviations. 2) E is tensile modulus, v is poisson ratio, K is bulk modulus, G is shear modulus, C;,-C,, is

Cauchy pressure. The unit for £, K, G and C,,-C,, is GPa.
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Computational and

Molecular Dynamics Simulations of Composites Formed with £-CL-20 and PVA, PEG on Different Crystalline
Surfaces

YUAN Lin-lin' | XIAO Ji-jun', ZHAO Feng®, XIAO He-ming'
(1. Molecules and Materials Computation Institute ,School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. National Key Laboraiory of Shock Wave and Detonation Physics, Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract. To explore and compare the stability and mechanical properties of hexaazaisowurtzitane/polyvinyl alcohol (&-CL-20/
PVA) and £-CL-20/PEG (poly(ethylene glycol)) composites on (001),(110) and (020) crystalline surfaces, molecular dynamics
(MD) simulation was conducted for the £-CL-20/PVA and £-CL-20/PEG composites by COMPASS force field at room temperature
under atmospheric pressure. The cohesive energy densities ( CED) , the binding energies ( E,;,,) and mechanical properties (ten-
sile modulus E, shear modulus G, bulk modulus K, Poisson ratio » and Cauchy pressure C,,-C,, ) were obtained. Results show
that the cohesive energy densities of £-CL-20/PEG composites are greater than those of £-CL-20/PVA composites, indicating that
the stability of the former is superior to that of the latter. For the same composite, the order of CED is (020)>(001)>(110). For
the same crystalline surface, the binding energy with PEG is greater than that with PVA. The order of binding energy is (001) >
(110)>(020). According to Poisson’s ratios and K/ G values, the elasticity and ductility of £-CL-20/PEG composites are all better
than those of £-CL-20/PVA composites.

Key words: hexaazaisowurtzitane ( CL-20) ; polyvinyl alcohol (PVA); poly (ethylene glycol) (PEG); cohesive energy density
(CED) ; binding energy(E,,.,); mechanical properties; molecular dynamics(MD) simulation
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