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Fig.1 The model of GAP/MDI/BDO
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Fig.2 The model of TEGDN
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Fig.3 The balance of temperature vs. simulation time
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Fig.4  The balance of energy vs simulation time
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Table 1 Cohesive energy density and solubility

parameter of azide prepolymer

plasticizer CED/(10%J-m™*) 6/(J+em ™))% §/(J+em ™)

GAP 3.27 18.08 18 ~18. 8%
BAMO 3.16 18.02 18. 134
AMMO 2.93 17.11 -
PAMCMO 5.23 22.85 23,454

o TR S 7 B Z R, A ) /Y 21 AL
FBCTT 13201 CED M1 6 #0A B A6, 3 2 2 A A K
B A Bt B IR R SR A 1 P SR BB (CED) K
WESHE(6) , K B RABERMA/ R W R/ T —
BEMEE R H R 17271

HIZ 2 Pl = 4L B P L, RABR A R IR E S
KB A 21 AR B s BSOS TR A AR T R R Y
ARAE BB [R] I, AMMO A 2 B A AR R Y
855 1 o> 1 IR LD, 6 L B 2 0 T GAP R
BAMO, i i BB A 7] 5 | 9 43 15 2 ) /N O
>0 > M, H SRR B2 W -5 DU vk g i 3t
RYVE B, R 2 g L, I, VL, R SRR
WS B 98/ 0 |, B R Hhy T AR R P A T R R
SR R A Y 7 BE S B0, 5 EOR E R 5 R R R 1Y
MRS 25, 3% 5 SCHRA B 453807 — B0 M OB
FRTRTIE, 735006 T I T2 v Y S5 IR T 0 2 b A



372

03
o>
or

B §15 %

(9 B0 28544 (MDITDI) A2 4l S {4 A 1) 5 6 25 4y (1P-
DY) , [ 25 S5 VU T A P 1) il 353, 76 20 A 8 P 3R Tl i
PEURAY & H B B /N (198 B, B iy S5 0 s A AL 5
i A7 B 2 B0 /MU 2 - MDI > TDIT > 1PDI,

x2 BRABUEEEENNERZEENARESH
Table 2 Cohesive energy density and solubility parameter

of azide thermoplastic elastomers

CED 5
No Tre /(108 T+ m™) /(] em )0
I, GAP/MDI/BDO 4.05 20.11
I, GAP/TDI/BDO 4.04 20.09
I, GAP/IPDI/BDO 3.37 18.36
I, GAP-THF/IPDI/BDO 3.25 18.03
I, BAMO/MDI/BDO 3.87 19. 64
I, BAMO/TDI/BDO 3.76 19.39
I, BAMO/IPDI/BDO 3.27 18.09
I, BAMO-THF/IPDI/BDO 2.89 17.01
I, AMMO/MDI/BDO 3.76 19.39
I, AMMO/TDI/BDO 3.67 19.16
Il; AMMO/IPDI/BDO 3.08 17.54
I, AMMO-THF/IPDI/BDO 2.90 17.04
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Table 3 Cohesive energy density and solubility

parameter of nitrate ester plasticizers

. CED ) 5" 5
Plasticizer 1ot 1) /(T e em )05 /(T + em )05 /(] + om0
NG 7.5864 27.54 31.14  23.16'% /24, 04110
BTTN 6.92 26.30 28.99 23.42110)
DEGDN 6.0718 24.64 25.44 21.521%
TEGDN 6.0526 24.60 24.29 21.311%
NG +DEGDN  6.9126 26.29 28.29 -

Note: 8" is estimated with method of Hoftyzer-Krevelen(1976) by the re-
lated formulation of reference [8]. NG: nitroglycerin. DEGDN

diethyleneglycol dinitrate. TEGDN: triethyleneglycol dinitrate.

BTTN: 1,2 ,4-butanetrioltrinitrate.
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Table 4 Difference of solubility parameters

between nitrate ester plasticizers and azide binders

AS/(J + em -3 )0'5
NG BTTN DEGDN TEGDN NG +DEGDN

plasticizer

GAP 9.46 8.22 6.56 6.52 8.21
BAMO 9.52 8.28 6.62 6.58 8.27
AMMO 10.43 9.19 7.53 7.49 9.18
PAMCMO 4.69 3.45 1.79 1.75 3.44
GAP/MDI/BDO 7.43 6.19 4.53 4.49 6.18
GAP/TDI/BDO 7.45 6.21 4.55 4.51 6.20
GAP/IPDI/BDO 9.18 7.94 6.28 6.24 7.93
GAP-THF/IPDI/BDO 9.51 8.27 6.6l 6.57 8.26
BAMO/MDI/BDO 7.9 6.66 5 4.96 6.65
BAMO/TDI/BDO 8.15 6.91 5.25 5.21 6.9
BAMO/IPDI/BDO 9.45 8.21 6.55 6.51 8.2
BAMO-THF/IPDI/BDO  10.53 9.29  7.63 7.59 9.28
AMMO/MDI/BDO 8.18 6.91 5.25 5.21 6.9
AMMO/TDI/BDO 8.38 7.14 5.48 5.44 7.13
AMMO/IPDI/BDO 10 8.76 7.1 7.06 8.75
AMMO-THF/IPDI/BDO  10.5 9.26 7.6 7.56 9.25
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Effects of Fast-burning Energetic Compound ACP and Coated ACP
on Combustion Properties of High Burning Rate CMDB

RAN Xiu-lun', YANG Rong-jie' , ZHANG Xiao-hong®
(1. College of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Xi'an Modern Chemisiry Research Institute, Xian 710065, China)

Abstract: For better combustion performance of high burning rate composite modified double base (CMDB) propellant with ACP, a
novel fast-burning energetic coordination compound of copper( Il ) salt with one of triazole derivatives, ACP particles were coated
with polyurethane adhesive. The thermal decomposition behaviors of ACP and coated ACP were studied by thermogravimetry (TG) ,
and their effects on combustion performance of CMDB propellant in the pressure region of 11 —20.5 MPa ( high pressure range) and
3 -9 MPa (low pressure range) were comparatively studied. Experimental results show that the thermal decomposition process of
ACP or coated ACP includes four phases, and total loss of weight after decomposition are 90.70% and 76.22% , respectively. ACP
and coated ACP are effective to enhance burning rates under low and high pressure and have about the same increments, and led to
burning rate exponents enhancement under low pressure but reduction under high pressure. The propellants containing coated ACP
show about 0.1 decrease in burning rate pressure exponent under high and low pressure in comparison with that of containing uncoat-
ed ACP with the same content in propellant. The experimental results indicate that the coating agent on the surface of ACP particles
plays an important role in the thermal decomposition behaviors of ACP and affects combustion properties of propellants.

Key words: applied chemistry; fast-burning energetic compound; composite modified double base propellant; high burning rate

propellant; combustion performance; thermal decomposition behavior
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Molecular Dynamics Simulation of Solubility Parameter
of Azide Binders and Nitrate Ester

LI Qian, YAO Wei-shang, TAN Hui-min
(School of Materials Science and Engineering , Beijing Institute of Technology, Betjing 100081, China)

Abstract: Cohesive energy density and solubility parameter of nitrate ester plasticizers, azide prepolymer and azide thermoplastic
elastomers which consisted of different soft segment and hard segment were calculated respectively by molecular dynamics simulation
method. The results show that the miscibility of azide prepolymer or azide thermoplastic elastomer with diethyl-eneglycol dinitrate
(DEGDN) , triethyleneglycol dinitrate (TEGDN) is better than that with (nitroglycerin) NG, (1,2 ,4-butanetrioltrinitrate) BTTN
or NG + DEGDN; and PAMCMO shows much better miscibility with nitrate ester plasticizer than GAP, BAMO, AMMO. Although
the solubility parameter of azide thermoplastic elastomers calculated is higher than that of prepolymer, the miscibility is still not
well. The homopolymer of azide prepolymer show better miscibility with nitrate ester plasticizers than their copolymer with THF.

Key words: physical chemistry; azide binder; cohesive energy density; solubility parameter; molecular dynamics simulation



