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Table 1 HMX-based propellant compositions

BDR | HMX | CuCr | PbCi | PbSt | PbHx | FeC CB
1 25.0 | 75.0 - - - - - -
2 24.0 | 72.2 1.9 - - - 1.9 -
3 23.6 | 70.8 2.8 - - - 2.8 -
4 24.2 | 72.5 - 2.9 - - - 0.5
5 24.1 72.5 - - 2.9 - - 0.5
6 23.7 | 7L.2 - - 4.6 - - 0.5
7 23.7 { 1.0 - - 2.4 2.4 - 0.5

BDR:BAMO/NMMO(7/3) binder, HMX:cyclotetramethylene tetra-
nitramine, CuCr:copper chromite, PbCi:lead citrate, PbSt:lead stearate,
PbHx:lead 2-ethylhexanate, FeC:2, 2-bis(ethylferrocenyl)propane, CB:
carbon black.

Table 2 AP-based propellant compositions

BDR AP | Fe20; | FesO, | FeC ZrC
8 21.9 73.3 2.9 - - 1.9
9 21.9 73.3 1.9 1.0 - 1.9
10 21.9 73.3 1.0 1.9 - 1.9
11 21.9 73.3 - 2.9 - 1.9
12 22.1 74.1 - - 1.9 1.9
AP:ammonium perchlorate.
Table 3 AN-based propellant compositions
BDR AN HMX AP | Fe;03 | CuCr | Cr.0s5 | FeB
13 24.5 58.8 14.7 - - - 2.0 -
14 23.8 57.1 14.3 - - 2.9 - 1.9
15 23.8 57.1 9.5 4.8 - 2.9 - 1.9
16 26.7 52.5 14.9 5.0 1.0 - - -

AN:ammonium nitrate,

FeB:ferrocenyl grafted hydroxyl-terminated polybutadiene.
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Fig. 1 Cross-section of center-perforated grain
(left) and three-slot grain (right)
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Fig. 2 Burn rate characteristics of HMX-based pro-
pellants
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Fig. 4 Burn rate characteristics of AN-based pro-

pellants

Table 4 Results of drop hammer test and friction

Table 5 Results of card gap test

G/L Critical | Critical
No. | (o | Judgement | =% (" | 5/P(GPa)
6 30 X X X
25 XXX 25 8.43
20 000
7 30 X X X T
9% X X X 25 8.43
20 000
8 10 xxx | [ 777"
5 X X X 5 15. 36
)0 Q0
12 | 10 X X X
5 X X X 5 15.36
0 000
Bl w ]| xxx | [ 777
5 X X X 5 15.36
0 000
14 10 X X X
5 X X X 5 15.36
0 000

G/L:gap length, S/P;shock pressure,

test (O:detonation, X :no detonation
Drop Hammer, class Friction, class
6 5 6 Table 6 Residual sample weights in bullet impact
7 5 6 test, (g)
1 5 4 : _
y ; 6 Veloay | 1m0 | 121 | 16 | 214 | 400
Class is defined in the standard of the Japan In- Ist 0 0 15 7 29
dustrial Explosive Society®. 2nd 0 0 8 | 11 [ 19
3rd 0 0 9 14 29
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Table 7 Results of ESD and thermal analyses

No. Esop J TP: K
6 24.1 519
7 25.2 517
8 23.0 539
604
12 476
7.1 558
601
13 25.2 513
14 17.4 468

Ti,K QJ/g | loss, %
505 2679 56
505 2723 56
508 9510 30

94

13
471 8377 23

91
473 3776 7
460 3809 76

Tp;the peak temperature in DSC, Ti;the onset temperature of
the exothermic reaction in DSC, Q;the heat of decomposition
measured in DSC, loss; weight loss at the end of a main reac-

tion in TG. -
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IM characteristics of BAMO/NMMO composite propellants

by Eishu KIMURA?* and Yoshio OYUMI*

Burning and sensitive characteristics were investigated for BAMO/NMMO composite
propellants oxidized with each of HMX and AP, or the mixture of HMX and AN. Tests of
drop hammer, friction, card gap, projectile impact, electrostatic discharge, and 5.56m -
bullet impact were conducted to evaluate the propellants’ sensitivities. For burning
characteristics, AP-based propellants showed plateau-mesa burning. Combined catalysts,
for instance lead compounds with carbon black, and copper chromite with iron compound,
were effective in burn rate augmentation. For sensitivity, AP-based propellants in friction
test and HMX-based propellants in card gap were relatively higher, but AN-based pro-
pellants were low in all tests. Although the use of additives and the replacement of oxidizer
had little effect on the sensitivity of propellants to the shock wave, an organic iron com-
pound increased the sensitivities to projectile impact and electrostatic discharge. Accor-
ding to results of thermal analysis, it is suspected that thermal decomposition reactions
played an important role in the reaction mechanisms in projectile impact and electrostatic
discharge tests.
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