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Table 1 AP-HTPB composite propellant composition, wt%

No. HTPB AP (C) AP (F) Al Fe3;0s nBF DMF DnBF
1 15.4 37.7 37.7 9.2 - — — -
2 15.0 36.7 36.7 8.9 2.7 — -— -
3 15.0 36.7 36.7 8.9 - 2.7 - -
4 15.0 36.7 36.7 8.9 - - 2.7 -
5 15.0 36.7 36.7 8.9 - -— - 2.7

HTPB : hydroxyterminated polybutadiene Al : aluminium, 12. 3ym
AP : ammonium perchlorate, C (coarse 200um), F (fine 64m)
nBF : normal-buthyl ferrocene DMF : dimethy ferrocene
Fe30; : ferric oxide DnBF : di-normal-buthylferrocene
NONCATALYZED F'ezo3 n8F DNF DnBF
320'
271'
240
oc ]
Fig.1 DTA results of AP-HTPB composite propellants with and without
iron compounds measured with a heating rate of 10°C/min in air.
These 5 blends arec made from two different particle sized AP.
These size fractions are 200 and 6 micron. The blend compositions
are shown in Table 1.
NONCATALYZED P
. o\ \ \ \
[ 70.4% 80.0% 75.4% 82.1%
No. Wm.a m\/ No.5
: []
L
215 335 320
1322 (°c)

Fig.2 TG reslts of AP-HTPB composite propellants with and without iron compounds

measured with a heating rete of 10°C/min in air.
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derivatives.

Table 2 Activation energies of AP-HTPB com-
posite propellants with and without
iron compounds, kcal/mole

No. 1 2 3 4 5

Er 53.4 | 46.6 | 38.1 37.5 | 32.7
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Table 3 AP-HTPB composite propellant composition, wt%

Prop. No. AP [am]
HTPB Al Cat.
Fe;0, nBF DMF | DnBF 200 90 65 20 6
2 3 4 5 36.7 - - — | 36.7 15.0 8.9 2.7
6 9 12 15 - 36.7 - - 136.7 15.0 8.9 2.7
7 10 13 16 - - 36.7 — | 36.7 15.0 8.9 2.7
8 11 14 17 — - —_ 36.7 | 36.7 15.0 8.9 2.7
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Fig.4 DTA results of AP-HTPB composite propellants

catalyzed by Fe;Qs; measured with a heating rate
of 10°C/min in air.
shown in Table 3.

The blend compositions are

Table 4 Activation energies of the decomposition of the
AP-HTPB composite propellants, kcal/mole

ACTIVATION ENERGY, Kcal/mole

AP PARTICLE SIZE, ym
Cat.

200-6 90-6 65-6 20-6
Fe;0: |  46.6 42.0 4.5 37.2
nBF 38.1 37.3 37.3 38.6
DMF 37.5 34.0 35.7 35.2
DnBF 32.7 29.6 32.7 31.9

200-6 90-6 65-6 20-6
324

33
320
No.3 Ho.9 No.10 No. "
56 3 350
oc ]

Fig.6 DTA results of AP-HTPB composite propellants
catalyzed by nBF measured with a heating rate
of 10C/min in air. The blend compositions
are shown in Table 3.

N6, BLEEE 7 = vt BN L HEEEARRIC
TERMRARLDLEZOND, DFROEELZRL
¥—EOMAPNEWEY, TONRRSIER LD
T3, ZONREAREITBSEEERA & B
MBIz dH Y, ZOfEEET 45— TS VIZE TR

Kogyo Kayaku, Vol.42, No.3, 1981 — 147 —

49 Ll LI IR} L |
: No.2 O :
L S d
B No.6 7
5 No.? i
40 | <
. No.8 <
35 [ [l [V T S I 1 i
3 5 10 20 30
BURNING RATE, MM/SEC
Fig.5 Relationship between burning

rate and activation energy of
decomposition in AP-HTPB
composite propellants.
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Fig.7 DTA results of AP-HTPB composite propellanls cataly-
zed by DMF measured with a heating rate of 10°C/min

in air,

The blend compositions are shown in Table 3.
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Fig.8 DTA results of AP-HTPB composite propellants cataly-
zed by DnBF measured with a heating rate of 10C/min

in air .

BEAOBIEME L BT 3 1 ¥ — OBRIZIZIETR
BBRIC2e D, (ffL. Hikh (MRBEFHEE) RBR).
%7, BRESOBHR (i ARRIBE ETT5HR)
BRERIZ & 6 FHRTOREHZEB » 6 h 5 ;Sammons
125 L AP MRIOSRREIXERIGEE LY 248
NDREAELEAMOMBBRTH Y. REBHRLS
OWHIERALTVWA ¢ Ex NS,
nBFismBtE (No.3,9,10,11) »DTA &Fig.6 iz
=T, 3XNBRL—sABH6Hh, BRERIWFIC L
3%, Hhoe—7 "ERETHY, BILBHR LitR
aTwd, EE— 2RI No3, 910,11 & i4c
BARLC, RBRE— 7 MOALESI: No3 : 60°, No.9
153°, No.10: 48°, No.11:46° L ~»T¥d, =
ThiIRLER EFILTHY, AP BEOHRTHS
9, LrL, EElxd A X—nfiiz APRE OIS
BiFLAEZITTiew (Table 428, x7 8B
#EdEE 13X No. 3< No. 9< No. 10< No. 11 nIfice 3%,

— 148—

The blend compositions are shown in Table 3.
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Fig.9 Relationship between burning rate and weight
mean diameler of ammonium perchlorate.

Table 5 Vapor pressure of ferrocene deriva-
tives, mmHg

Temp. ['C] nBF DnBF
15 1.3 0.9
28 2.3 1.9
70 12.0 8.0
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Effects of Iron Compounds on the Decomposition of AP-HTPB Composite
Propellants

by Yoshio OHYUMI*, Nobuo TSUJIKADO*, Isamu OHMURA**,
Tadamasa HARADA**, and Michihiro ABOSHI**

Decomposition temperature have been measured with DTA for the films of AP-
HTPB (ammonium perchlorate-hydroxyterminated polybutadiene)composite propel-
lants with and without catalysts, which are ferric oxide and ferrocene derivatives.
Although the catalyses of iron compounds appear in the decomposition process of
AP or AP-HTPB clearly, the catalytic effects on the decomposition of the AP-HTPB
composite propellants are different between ferric oxide and ferrocene deriva-
tives. The catalysis of ferric oxide is accompanied by a marked decrease in the de-
composition temperature (about 64 degree) and ferrocene derivatives decrease the
activation energy of the decomposition. Activation energy of the decomposition of
the AP-HTPB composite propellant catalyzed by DnBF (dinormalbuthylferrocene)
is 32 Kcal/mole while the noncatalyzed is 53 Kcal/mole. Clearly, the preceding
results indicate a significant difference in the mechanism of the catalyzed AP-HTPB
composite propellants decomposition.

(*Third Research Center, Technical R & D Institute, Japan Defense Agency

1—2—10 Sakae-cho, Tachikawa, Tokyo 190.
**Asahi Chemical Industry Co., Ltd., Ohita Factory, 2620 Ohaza Sato,Ohita
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