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71% &, M AR T 3.9%, 36 B B4 70k 2 2 5 i
HEFR 2 R e A T DR B K 24 i 2R B R g 2
V£ RE 52 W B/ 5 5 5 R 5 PEG/B-HMX #E 2F 77 41 L |
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%1 GAP/e-CL-20. GAP/B-HMX . PEG/e-CL-20 . PEG/B-HMX
DU il 44 2R v BE A 2 7R g 2 1 R

Table 1 Mechanical properties of GAP/e-CL-20, GAP/
B-HMX,PEG/e-CL-20, and PEG/B-HMX solid propellants

systems o, / MPa enl %
GAP/e-CL-20 0.39 98.3

GAP/B-HMX 0.42 102.3
PEG/e-CL-20 0.51 417.7
PEG/B-HMX 0.60 425.9

Note: 1) o, is maximum tensile strength. 2) & is maximum elongation.
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2 iR L A T 2R AR

Fig.2 Tensile fracture process of propellant with different binders
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Fig.1 Chemical structure of GAP and PEG polymer binder
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PEREFLAEAH — 2,
3.3 FEFERSEAREMI
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yo A R SFURL G B R T BE , m)-m 2y ol B AR S A
(5 R TH BB, m)em sy AR EURE S R G R SRR Y
S Sy, m)em™T e PR 38 A 0 A SRR R
b/ B N Ol SR T T I I | e el 5 S R T
1 FURS B2

IR BN A R R ASHIE S R R 1] A 5 S B
DU T K 245 1 2% TP R L R R 2 A 3k D A TG SR
JE 11 2 TR 8 L 2% 2 B Sk B4 ) 0 A TR 2 R o
FhA TR R 5 0E2) Z 8 Aok ) BORGB 2. fh 3 2
AIAT, A RA R 5 KR 2 22 0] i ATk o IR e, %
BH W 25 11 53 1 8 T DAURR R A TR LA R &R 0 A i gk
T8 Ry B AR, R A 70 JH A ) K 24 19 1 0 M A O 5 T
GAP Bk 5 £-CL-20 Y K BiF T 2 70.69 m)-m™, i 3
fis T PEG & /& 5 B-HMX 1) 98.61 m)-m~*, B} GAP %t
155 e-CL-20 2 [H] 1 55 17 /5 FH 98 B I 82 55 F PEG Bk 4A
5 B-HMX,,

Table 2 Interfacial tension and adhesion energy between binder and explosives

binders explosives y./mJ-m™ yi/m)-m™ yi /m)-m™ W, / m)-m™2 X
GAP e-CL-20 33.25 41.96 4.52 70.69 15.64
PEG B-HMX 42.13 60.76 4.28 98.61 23.04
Note: 1) v, " is interfacial tension. 2) W, is adhesion energy. 3) x is ratio of adhesion energy and interfacial tension.
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A5 BURES B A BT 5K 15085 BE D EORE-JE R Y S
T G 445 588 B2 3 ok PEG/B-HMX #E i/ 7] > GAP/e-CL-20
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L, T A R AR AR SE T SR AT MS(Mate-
rials studio) &K PF 44 £ 25 5 R /AKE 25 2 B IR R B9 4 7
B85 gl g 2 A B G A AR P 1 4 R R RE B

Epra~ B0 5 500 ) B R RE B FKE 25 B B AT RE Eprogne» MW
BEGRRMEE S REN
Ebind =~ Einler = _(Elola\ - Eexplosive - Ebinder) (2 )

X, B NG A fE, k-mol™; E,., i AH T AE H fig
kJ=mol™; B V-8 454 S BB 5 L k) - mol™ ;s E,ypyane M HE
R BE k) mol ™S By A EE G R RS RE LK) - mol T

B T X526 A7 55 0 %2 45 3R e-CL-20 /& 1R 1
B-HMX it 7 11 BRL i &5 #4101, 43 S A8 2 (7x2%2) 1)
£-CL-20 # &4 ML A1 (8x3%3) By B-HMX #8 /i M , U%
£-CL-20 & HL (011) & T AT B-HMX i L (011) &
T BEAT VIE], I 20 A ELES R WS IR T
SNECH T ¥ 40324 MR G B 10 19 GAP
O FRERATE N 20 9 PEG 4> F, BT 5040 9k 123 An
143, 25 JUTR AL IS #5800 7 5 F 52 0 A b
JiL R 2SI R AT R B2 K 25 0 F A R AR
FEAHH ] A AR | 22 3 Rl PR Ak N B g 2 LA B L
LIRSS A RE, A R LK 3 Rk 3,

M & 3 AL, 5 PEG 47+ 4 Lk, GAP 43+ 22 i
2%, JCUR B R - 3H MBI R AE E 24 R R R 5 5 B-HMX
ST AL, e-CL-20 A9 28 TE 45 #4255 508 4 v 43 7 1Rl
PR B 1K, AT K T GAP 43 T 5 £-CL-20 i 1 2 ]
MIREBS o S AR BT R KR 2 IR R R A W A i
FARFR AR RS R 75— 80 E DL R, A ITIA
Shy A AH 2 1 5 AR A T A A 2 T 8 B 2 v me ik
S HEVE R R i R R S ALy AR E— AR i A
BhA VR KE 2, DRIt b AN 43 BT T A 7 RKE 24 1Y A
HAEH AR B E ZNEA

MR 30T 0L, 45 A R b A & vdW (B 8 48 1) A
Electrostatic ( ¥ AH B /E H ) W & 43 1 H 71, GAP/

®3  REMEIER G SR
Table 3 Binding energy of different propellants

&-CL-20 #E#E 57 i i AH B4R FHRE M 148.46 kJ-mol™,
Xof 454 BE Y TTBR M 57.12% , PEG/B-HMX #E 3 %1 th #
1 AH A I BE N 199.59 k)-mol™, X 454 fE i TT ik
40.53% , 3% W] GAP 43 F 5 &-CL-20 fb M4 Z 8] (1 41 1.
YEH LA 7728 3,1 PEG 43 F 5 B-HMX S & 2 [i] 11
A EAEH LB AL T o . GAP/e-CL-20 #f 3 57 Al
PEG/B-HMX HE#E I 925 G RE 3 R IEH , RIF G 5
E 245 1 ST X BB 06 A2 08 A AE s Horh PEG/B-HMX HfE i
HI 1 45 4 fiE 335.65 kJ-mol™ [t GAP/e-CL-20 4 i #|
B 4% 4 i€ 259.90 kJ-mol ™ #£ 5 T 76.03%, % B GAP
5 e-CL-20 Z [a] (% A0 5.4 H] 98 2 W & L T PEG &5
B-HMX, 5 3.3 W LA AH — .

&-CL-20

a. GAP/e-CL-20 propellant

B-HMX

b. PEG/B-HMX propellant
B3 R [R]fEE l ) oF H

Fig.3 Dynamic equilibrium structures of different propellants

propellants E/ kJ-mol™! Epinder/ k)= mol™ Eexprosive/ KJ-mol™ Eyina/ KJ-mol™
E -136530.37 304.95 —136575.41 259.90
GAP/e-CL-20 vdW -672.10 —29.49 -531.16 111.44
Electrostatic -152343.67 186.55 -152381.76 148.46
E -139823.21 584.94 —140072.50 335.65
PEG/B-HMX vdW —604.41 55.92 -460.74 199.59
Electrostatic -150120.07 449.03 =150433.04 136.06
Note: 1) E, is the single point energy of the equlibrium structure. 2) E,, is the single point energy of binder. 3) E, ... is the single point energy of explosive.

4) E,,4is binding energy between binder and explosive. 5) E is the total energy of each structure. 6) vdW is the energy of each structure obtained by vdW in-

teraction. 7) Electrostatic is the energy of each structure obtained by electrostatic interaction.
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MENG Sheng-hao, YU Wei-bo, LIU Hong-yu, et al. Research
4 % it progress on the matrix/filler interface of composite solid pro-
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98.61 m)-m™, 45 G Rk B T /LT K 1 LU AE x Wi S5,
K I GAP/e-CL-20 i #F 1) () 5 RS 45 PE Ge o 3 59 T
PEG/B-HMX #5715 [7] 15 43+ 30 J7 2% F 5 45 1 oR
GAP 3115 £-CL-20 fuiR Z Al 945 5 259.90 kJ-mol™
W X T PEG 4 ¥ 5 B-HMX Z [H] /) 45 & fiE
335.65 kJ-mol™,

(3) GAP Y &-CL-20 Z [&] () A B 1 FH 58 B Ik T
PEG 5 B-HMX Z [0] i #H B 1F F 5 B, & 5 8 GAP/
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W JRE 2 —. B, M T GAP/e-CL-20 #fE#E 5 (1) F
“PERE W NSE GAP 5 &-CL-20 Z Al B9 AH B AE T, 548
D PC P ) 5 390 8 2% T 9% P R A5 A4 BHIS 9 e-CL-20 5
GAP FHIHAEH A FEIF e ik — L i 5%

B E Xk
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Surface Interaction between GAP Binder Matrix and £-CL-20

ZHANG Xin'*, HU Xiang’, XU Xing-xing*, ZHOU Shui-ping’, TANG Gen''*, PANG Ai-min'*
(1. Science and Technology on Aerospace Chemical Power Laboratory , Xiangyang 441003, China; 2. Hubei Institute of Aerospace Chemotechnology »
Xiangyang 441003, China)

Abstract: It is reported herein that the interfacial adhesion between binder and filler has distinct effect on mechanical properties
of propellant. The tensile fracture progress of propellant (nitrate ester plasticized glycidyl azide polymer (GAP) / hexanitro-
hexaazaisowurtzitane (£-CL-20) polyether propellant and polyethylene glycol (PEG) / octogen (B-HMX) polyether propellant)
was monitored by in-situ tensile scanning electron microscope. In addition, the interaction strength between binder matrices and
solid fillers was characterized by adhesion work and binding energy. The adhesion work was studied by inverse gas chromatogra-
phy (1GC) and contact angle method, and the binding energy was calculated via molecular dynamics (MD). Results shows that
the dehumidification and fracture expanding progress of GAP/e-CL-20 propellant are more serious than these of PEG/B-HMX pro-
pellant during stretching progress. GAP/e-CL-20 propellant breaks when the elongation is more than 60% while PEG/B-HMX pro-

pellant breaks when the elongation is more than 80%. Besides, the adhesion work 70.69 mj-m™

and binding energy
259.90 kJ-mol™" between GAP matrix and e-CL-20 are both lower than the adhesion work 98.61 mJ-m™ and binding energy
335.65 kJ-mol™ for PEG/B-HMX system, suggesting that the poor interfacial adhesion between GAP binder matrix and e-CL-20 is
one of main reasons for inferior mechanical properties of GAP/e-CL-20 propellant.

Key words: GAP/s-CL-20 propellant;mechanical properties;in-situ scanning electron microscope;adhesion work;binding energy
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