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Table 1 Validation of simulation effect for
ACD method and Synthia method

species p Senp L10] Sacn Osynthia

low density 0.91 -0.925 16. 50 0.4 6 g
polyethylene ( pe) (isotacitc)

homopolymer 0.90 -0.91 16.80 BT 6 05
polypropylene ( pp) (isotacitc)

polystyrene ( ps) 1.04 -1.05 17.80-19.70 15.97 19.51

(atactic)

Note: 8., »0ach » Osyninia 15 €xperimental solubility parameter and simula-
tion value from ACD method and Synthia method, respectively,

(Joem™3)"2, p is density at 25 C ,g - em 3.
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Fig.1 Structure formula of HTPB
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a. amorphous cell of HTPB

b. amorphous cell of DBP

c. amorphous cell of IPDI

¥ 2 HTPB,DBP Fil IPDI Jg 5 J¥ #4 Hl
Fig.2  Amorphous cell structure of HTPB,DBP and IPDI

(The different shades of grey in this and the following figures correspond to different atoms types

with white representing hydrogen,light grey carbon, grey nitrogen( ball) and black oxygen(ball) )
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Table 2 Physical properties of components in solid propellant

and simulation results from ACD,Synthia

type species p Oexp [ Sacp Osynihia
binding agent HTPB 0.9084 - 18.13 17.55
TOA 0.855 -0.866 - 16.91 16.93

DOS 0.910 -0.913 17.60 16.93 17.14

plasticizer DOA 0.913 -0.924 17.80 16.32 17.17

DBP 1.045 19.00  18.85 18.58
DOP 0.986 18.15 17.14  18.02
TDI 1.2271 - 20.99  22.30
HDI 1.4407 - 20.66  19.76
curing agent
1PDI 1.190 - 17.42 18.45
MAPO 1.08 - 19.22 -

Note: MAPO cannot be calculated in synthia,because it contains “P” which

correlation has not been developed. p is density at 25 °C ,g + cm .
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Table 3 Simulated values of solubility parameter

of energetic plasticizer

energetic density 5 [16] s 5.

plasticizer /g cm -3 ,25 C P Ach Synthia
BTTN 1.53 23.41 26.68 23.03
BDNPA 1.38 - 21.72 20.69
ADDF 1.47 - 24.12 24.18
FEFO 1.67 - 22.21 21.58
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Molecular Simulation of Solubility Parameter for HTPB Solid Propellants

YANG Yue-cheng, JIAO Dong-ming, QIANG Hong-fu, WANG Guang
(No. 201 Staff Room, Xi'an Hi-Tech Institute, Xi'an 710025, China)

Abstract: Solubility parameters of bonding agent hydroxy terminated polybutadience ( HTPB) , conventional plasticizers and curing
agent in solid propellant were calculated respectively by amorphous cell dynamics( ACD) ,Synthia and Blend methods to predict the
miscibility of these components. Results show that: Synthia method quantitatively simulates solubility parameters while ACD method
qualitatively simulates solubility parameter, and Blend method exhibits the miscibility of components directly and the effects of ex-
trinsic factors such as temperature and mole fraction. Simulation results are agreement with experimental results. The conventional
plasticizers usually meets the miscible request of HTPB. The miscibility of isophorone diisocyanate ( IPDI ) or
trimethylaziridinyl phosphine oxide( MAPO ) with HTPB is better than that of toluene diisocyanate ( TDI) and hexamethylene
diisocyanate (HDI). The selection of curing agent emphasizes on curing effect, not miscible request but which may affect curing
effect. The miscibility of energetic plasticizer with HTPB is not well.

Key words: physical chemistry; hydroxy terminated polybutadience propellant ( HTPB) ; solubility parameter; amorphous cell
dynamics( ACD) ; Blend method; Synthia method



