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Fig.1 Theoretical structure unit of MDI/GAP
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Table 1

tion of different units

Assumed formula and theoretical enthapies of forma-

enthalpy of
binder: A/B formulation (/)zzgen balance formation

/k) - kg™
MDI/ GAP; o Cys5.73H49.20 010,33 N5 47 —137.12 1369.09
TDI/GAP 45 Cs2.97H49.08 010,00 N7 10 =127.07 1353.13
IPDI/GAP; 50 Cya11Hs6.85 010,56 Nog.0s  —137.62 1125.75
MDI/ GAP; g5 Cy3.36H40.52 010,23 N7 55 —130.13 1606.32
MDI/GAP 970 Ci2.43H50.03 010,10 Nog 1 —127.38 1699.81
MDI/ GAP 396, Cs1.03H50.14 010,17 Nog 86 —125.89 1749.53
MDI/PGN Cs1.71Ha2.60Oap.67 N2 —89.31 -1825.88
MDI/PBAMO  Cis 30Hu7 0005 06 Npo 74 =139.16 2424.82
MDI/PNIMMO  Cug 66Hsr 75Oys 52Ng o —131.69 ~1747.40
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Table 2 Energy characteristics of GAP based propellants

TSI O T A AR IR 4 a5

formulation: (A/B)/RDX main combustion gases/(mol - kg™") M, f L T, Qex ]

co co, H,O H, N, /g - mols /K - kg /K /K - kg™
(MDI/GAP, o, ) /RDX 19.13 0.39 2.08 14.29 12.91 20.17 1195.45 2898.33 3494.69
(TDI/GAP, 4o, ) /RDX 18.40 0.51 2.77 13.67 13.27 20.32 1227.73 2999.83 3667.58
(IPDI/GAP, 4, ) /RDX 18.67 0.44 2.50 15.03 13.04 19.85 1200. 04 2863.07 3522.14
(MDI/GAP, 44, ) /RDX 18.51 0.46 2.53 13.98 13.31 20.23 1233.13 2998.34 3663.27
(MDI/GAP,,,,) /RDX 18.25 0.49 2.72 13.85 13.46 20.25 1247.43 3037.27 3730.00
(MDI/GAP,44,) /RDX 18.11 0.50 2.83 13.77 13.54 20.27 1254.99 3058.14 3765.94
(MDI/PGN) /RDX 17.16 1.72 6.90 8.76 10.63 21.99 1248.47 3300.92 4236.36
(MDI/PBAMO) /RDX 18.90 0.28 1.55 14.37 13.45 20.18 1225.23 2972.31 3566.45
(MDI/PNIMMO) /RDX 19.84 0.92 4.34 13.49 10.00 20.27 1154.41 2813.79 3530.32

Note: M, is average molecular mass of burning gas, fis force content, T, is explosion temperature, Q,, is explosion heat.
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Table 3 Properties of some energetic compounds'"' ™!

property parameter

compound molecular relative oxygen density formation

formula molecular balance Jo - em enthalpy

mass /% 8 /k) + kg™
RDX C,H O N, 222117  =21.61 1.84 277.02
HMX C,HgOgN;  296.175  —21.61 1.96 253.30
HNIW C,H,O,,N,, 438.187  —10.95  2.04 948.23
TNAZ CyH,OgN;, 192,088 -16.66 -16.66 280.00
DNTF C,N, O, 312.115  -20.50  1.937 2064.31
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Table 4 Energy characteristics of TNAZ, HNIW and DNTF based propellants

property parameter

formulation f/k) - kg™ T,/K Q.. /K - kg™ ﬂg/g - mol™ mole gas/mol - kg™
(MDI/GAP, ) /RDX: (80.25/19.75) 1300.04 3335.68 4183.47 20.17 46.86
(MDI/GAP, 0 ) /HMX: (80.85/19.15) 1300.17 3348.86 4206.04 21.42 46.68
(MDI/GAP, 50 ) /HNIW: (69.33/30.67) 1300.02 3415.96 3925.87 21.86 45.75
(MDI/GAP, 4y, ) /TNAZ: (69.05/30.95) 1300.19 3293.68 3969.40 21.07 47.46
(MDI/GAP, 400 ) /DNTF: (56.7/43.3) 1300.30 3746.91 3928.58 23.97 41.72

Note: My is average molecular mass of burning gas, fis force content, T, is explosion temperature, Q. is explosion heat.
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Fig.3 Iso-force content triangular plots of foamed propellants
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Calculation and Analysis on Energy Characteristics of Foamed Propellant

YANG Wei-tao', LIU Zhe’, ZHANG Yu-cheng', YANG lJian-xing'
(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. Hubei Kailong Chemical Group Co. Lid. , Jingmen 448032, China)

Abstract: The enthalpies of formation for energetic polyurethane binder using glycidyl azide polymer ( GAP) , poly glycidyl nitrate
(PGN), poly bis-azidomethyl oxetane (PBAMO) , poly (3-nitratomethyl-3-methoxetane (PNIMMO) as polyether glycol, diphe-
nylmethane diisocyanate (MDI), toluene diisocyanate (TDI), isophorone diisocyanate (IPDI) as polyisocyanate were calculated
by group additivity method. The energy parameters of the designed propellant formulations based on hexogen (RDX) , hexanitro-
hexaazaisowurtaitane( HNIW) , 1,3 3-trinitroazetidine( TNAZ) , 3 ,4-dinitrofurazanofuroxan( DNTF) were calculated by inner en-
ergy method. Simutaneously, iso-force content triangular plot of 1250, 1300, 1350 kJ - kg™ for (MDI/GAP,,,, ) /RDX/HNIW
(MDI/GAP 0, ) /RDX/TNAZ and (MDI/GAP,,,, ) /RDX/DNTF formulations were drawn. Results show the enthalpies of formation
of polyurethane binder can be calculated by structure units. The formulations containing solid filler and energetic binder have high
force content. The force content of formulations with 30% ~50% solid filler could exceed 1300 k] - kg™'. The force content pres-
ents linear cariation trend when replacing RDX using HNIW, TNAZ, but when adding DNTF in formulations, there is a transition
point on the iso-force line. The calculation results of (MDI/GAP,,,,) /RDX/TNAZ formulations indicat that the formulations could

reach the international advanced level (force content higher than 1300 kJ - kg™', explosion temperature lower than 3300 K).
Key words: foamed propellant; energetic polyurethane binder; energetic characteristics; formulation design
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