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Table 1 Chemical compositions of BAMO/HMX propellant tested in this study

Composition wtd

BAMO/THF (50/50]} 23.22 BAMO/THF [S0/50} : S0/50 mole% BAMO/THF copolymer
IPDI 2.09 IPDI: Isophorone diisocyanate

™P 0.04 TMP: Trimethylolpropane

DBTDL ¢ 0.001 DBTDL: Dibutyltindilaurate

BDNPA/F 4.65 BDNPA/F: éis—2,2-dinitropropyl acetal/formal
"HMX (class A) 70.00 HMX: Cyclotetramethflene tetranitramine
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Table 2 Physicochemical properties of BAMO polymer and BAMO/THF copolymer

BAMO polymer BAMO/THF copolymer
Moleculer formula: HO- (C5s Ho N, O) n-H HO- (C4 Hg NgO) n= {C,H,0) n-H
Molecular weight [kg/mol]: 2.78 (n=16.4) 2.30 (n=9.5)
Density [kg/m?] : 1.3 x 10® 1.18 x 102
Melting point (K] : 334 <273
Glass transition temp. [k]: 234 210
Heat of formation |kJ/kg]: 2460 989

Table 3 Physicochemical properties of HMX

Formula:

O2N—N

NO:
I
H2C—N—CH:
| I
N—NO:

l |
HzC—T—CHz

NO:2
Molecular weight: [(kg/kmol) : 296.2
Density (kg/m?] : 1.96 x 10°
Melting point (k] : 555
Heat of formation |kJ/kg]| : 253
Heat of explosion [kJ/kg): 6013
Adiabatic flame temp. [K]: 3300
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Teble 4 Chemical properties of BAMO/THF binder and HTPE binder

BAMO/THF binder

CHaN,
|

HO-(CH,-C-CH:-O);'(CH:-CH:-CH:-CH:-O);—R
I

CHaN,

n=9. %

Chemical formula:

Heat of formation: 75.3 kJ/kg

cl 'SOH‘I -eoon ‘00“;'30

HTPE/HMX

H- {0-CH-CH.) ;O-CHz'CH-O- (CH2-CH-0) rTH
I I I

CHs CH,

CH, n=11

Chemical formula:

Heat of formation: -3014 kJ/kg

cl‘lﬁCHl 'llol 'DDIND'IOO

300
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»w 220
a
w
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140 BAMO/HMX
——— HTPE/HMX
100 1 ! 1 |
0 20 40 60 8O0 100
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1 | 1 -
100 80 60 40 20 O

Binder(&), 2

Fig. 1 Theoretical specific impulse of BAMO/HMX
and HTPE/HMX propellants as a function of
HMX concentration
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Table 5 Theoretical combustion properties of the propellants tested in this study

Propellant BAMO/HMX HTPE/HMX
Mixture ratio: 30/70 20/80
Equivalence ratio: 2.82 2.54
Adiabatic flame temp. (K] *: 1888 1929
Specific impulse Isp ({s}*: 229.6 229.7
Combustion products (mole fraction)*:

CH, 1.37 1.58
co 23.61 24.62
Cco, 6.61 8.76
H, 30.03 30.79
H.0 5.14 6.39
N, 24.65 21.41
C{s) 8.59 6.45
* at 10 MPa

10.0

r, mm/s

0.2
0.7 1 2 3 4 56

P, MPa

Fig. 2 Burning rate characteristics of BAMO/HMX
and HTPE/HMX propellants, HMX pellet,
and BAMO/THF binder
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Fig. 3 Dark zone length and reaction rate of BAMO/HMX and HTPE/HMX
propellants as a function of pressure
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Fig. 4 Flame structure of BAMO/HMX propellant
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Fig. 5 Dark zone temperatures of BAMO/HMX and HTPE/HMX propellants showing that
both tempratures increase with increasing pressure
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Fig. 7 Burning surface temperature as a function of pressure
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Fig. 8 Heat of reaction at the burning surface as a function of pressure
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Flame structure of BAMO/HMX propellants

by Satoshi Kubozuka*

Nitramine based composite propellants have been tested and evaluated in order to ob-
tain smokless and low hazardous propellants. In this study, azide polymer/nitramine pro-
pellants composed of BAMO/HMX mixtures were studied. Measurements of flame struc-
ture, burning rate, and temperature in the combution wave or the propellant samples were
conducted. The results indicate that the consists of four reaction zones: Zone 1 is the burn-
ing surface reaction layer where BAMO and HMX melt and decompose to produce reactive
gaseous species, and a rapid exothermic reaction accompanied with NO; and CH;0 acting
as oxidizers occurs in Zone II. A slow gas phase reaction occurs in Zone Il where NO and
N,O act as oxidizers, and Zone Nis the final-stage reaction zone whre a luminous flame is
formed. The pressure sensitivity of burning rate is found to be dependent on the reaction in
Zone 1, the burning rate being dependent on the heat released by the reaction in Zone 1.

(*Technical Research and Development Center, Harima Plant, Daicel Chemical In-
dustries, Ltd., 805 Umaba, Ibogawacho, Ibogun, Hyogo 671-16, Japan)
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