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Fig. 4 Change of crystallite size of VFAP
during storage

TG
APM \
DTA
TG
1h ]
DTA J
v—
TG
3h \
DTA 4A_._.
TG
6h L
DTA J
A 4
TG
24hn L-——
DTA v J
TG
192h L
DTA A

100 200 300 400 500
Temperature °C

Fig. 5 Variation of TG and DTA curves with
elapsed time after grinding VFAP

1 Il

—%, Fig.4iz, SR T THHBIESS OMBREL,

Kayaku Gakkaishi, Vol. 55, No. 1, 1994

W
o

@20_

=

E /9/9

o ¢]

© 10:

(o))

£ 8 /A/A

cE [ -5

3 6

@ g -1

4 ] ] 1 1 1 [ |
2 3 4 6 8
P (MPa)

Q: VFAP
OD:Siftad APF
O:APF

Fig. 6 Effect of particle size of AP on burning
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Table 1 Relation of elapsed time after grinding of
VFAP to burning rate of propellant

Elapsed time Tk Presurre index
[h] (em/s) (n)
1 6.21 0.450
3 5.88 0.452
6 6.02 0.477
24 5.88 0.474
96 6.03 0. 504
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Table 2 Catalytic effect of BEFP on burning rate of VFAP based propellants

Composition | Binder(wt%] | APF[wt%] | VFAP(wt%] | BEFP{wt%] | rox[m/s]
A-1] 22 - 78 0 15.7
A-2 22 - 78 3 35.8
B-1 16 50.4 33.6 0 14.5
B-2 16 50. 4 33.6 3 44.4

Table 3 Effect of BEFP and VFAP on burning rate of aluminized propellant

Binder | APM
(wt%] | [wt%]

APF | VFAP
(wt%] | [wt%]

FAl
{wt%]

FeOOH

BEFP
[wt%] | [wt%]

Viscosity
[Pa-s)

Tep
Ceafs] | M

16 10.05
16 -

56.95 -
40.2 26.8

14.0
14.0

16 - 40.2 26.8 14.0

3.0 -
3.0 -
- 3.0

720
150
190

16.7 0.515
22.5 0.588
30.5 0.411

Table 4 Effect of Al particle size on burning
rate of propellant

FAl

6.8
0.373

without Al

rsklm/s)] 6.0
n 0.487

UFAl

9.3
0.326
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Table 5 Composition and combustion properties of high burning rate propellant

Prop. | Binder | APF | VFAP FAl UFAl | BEFP Ag Wire | r Tu/tsk n
No. (wtf5] | [wt21 | [wt%] | [wt%] | [wt2] | [wt%) Sk (mm/s]

1-1 14 38 38 10 - 5 O 149.0 | 3.62 | 0.381
1-2 14 38 38 10 - 5 x 41.2 0.354
2-1 14 38 38 7 3 5 @) 151.0 | 3.66 | 0.397
2-2 ¥ 38 38 7 3 5 x 41.3 0. 404
3-1 14 36 36 14 - 5 @) 128.0 | 3.20 | 0.392
3-2 ¥ 36 36 14 - 5 x 40.0 0.430
4-1 14 36 36 11 3 5 @) - - -
4-2 14 36 36 11 3 5 x 40.5 0.398

*r.:Burning rate of Ag wire enbedded propellant
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High burning rate composite propellants composed of ferrocene derivative
catalysts and VFAP (1)

by Daizo FUKUMA®*, Shigefumi MIYAZAKI®*, and Hisao OKAMOTO*

High burning rate and high energy HTPB composite propellant composed of HTPB,
2,2 - bis(ethyl ferrcenyl) propane (BEFP), one of the liquid ferrocene derivative catalysts,
very fine ammonium perchlorate(VFAP), ultra fine aluminum powder (UFAIl) and silver
wire was investigated.

As the 2nd report of this investigation, crystallographic and physico-chemical proper-
ties of VFAP were studied by means of X-ray diffraction and TG-DTA analysis. The
VFAP was strongly affected by humidity but sharply accelerated the burning ratee of the
propellant. On the other hand, the deffect of VFAP was the increase of pressure index of
the propellant.

The burning rate was increased with combined effect of BEFP and VFAP up to 40zn/s
at 5MPa and the pressure index was decreased to around 0. 4.

An excellent high burning rate propellant was finally developed with combination of
BEFP, VFAP, UFAI and silver wire and 150mm/s of burning rate was achieved.

(*Aerospace Division, Nissan Motor Co.,LTD. 3—5—1, Momoi, Suginami,
Tokyo 167 , Japan)
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