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Fig.1 DTA curves of ammonium perchlorate
Sample weight; 5mg, heating rate; 10C/min,
atmosphere; in helium, pressure and sam-
ple cell; 1) Okg/cnf gauge, Al sealed cell,
2) 0, Al open cell, 3) 0, Pt open cell, 4) 50,
Al sealed cell, 5) 50, Al open cell, 6) 50, Pt
open cell
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Fig.2 Thermal analysis of nickelocene

1) TG of nickelocene in air, quartz cell, 2) DTA
of nickelocene in air, quartz cell, 3) DTA of nic-
kelocene in helium 50kg/cm? gauge, Al sealed cell
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Fig.3 DTA curves of the mixture of ammonium
perchlorate and nickelocene under cleva-
ted pressure of helium
Sample; mixture of ammonium perchlorate
and nicklocene (10 parts by weight),
sample cell; Al sealed ccll, pressure(kg/
em?); 1) 0, 2) 10, 3) 50, 4) 100.
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Fig.4 Effect of nickdocene level on DTA
curves of propellant under helium at-
mospheric pressure
Sample cell; Al sealed cell, propellant
consisting of 0 to 10 parts of nickelocenes;
1) 0 parts, 2) 5 parts, 3) 7.5 parts, 4)10
parts
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Fig.5 DTA curves of the propellant contain-
ing nickelocene
Sample cell ; Al open cell, amount of nic-
kelocene ; 7.5 parts by weight: atmosphere
and sample weight; 1) in air, 14. dmg,
2) in helium 50kg/cm? gauge, 22, 6mg,
3) in helium 50kg/cm? gauge, 25,0mg
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Fig.6 Amount of nickelocene and nickel re-

mained in the condensed phase in the
couse of the thermal decomposition of
the propellant
Sample ; 10-20mg propellant containing 7.5
parts nickelocene, ®; nickelocene in'l aim
helium, O ; nickellocene in helium 50kg/
cm? geuge, O ; nickel in 1 atm helium

Wiz= v ot &7.5% St#EEEELPTM
BL, MBARBEKRBLUHERBICIERL TRTETS=
s, (A8 ) —NItERLTEREN=v
retrfifkbthEhgfLr, SRoO—BLFig 6
iCRt. A% 7— L EREDERABIR A7 b
b, =9 & e&  REET TR 100°CTE 0§50
%05, 180C Tt HR T30, S0KET Tir250
CTHEECRELTV S, £= v 7 BRIAELED
= IZ60CHEEN L3 Lih®, 200°CE TlcEniy
22% 5% L, 200°~300C TIPIBIELIED,
300 CLl ECHUMP L, REEEFHLT, 4~10%
ORIBE= v 7 MHEEPDVFELL,

AIER S E MR L IokiEROPH REFRMOF LR
7.5% WHWMOBPS LY, 150°~350C N 2 T O BEFHE
BAATENI-2, Zhit, AROMBBBRTCERTS
BEEREY VBREN v o iz X VBRSNS
ZricEBEMEENS, DEOERMNG, HiEEIKIC
FmMLic=v Yot BETTRARICL S8
EZOSMICABPTELARMLIC L VR T ARE, ~
Y AMETFTCiIRFNHBELYAMEHENAT, BRE
RREOBRABTETSRIMEBRT S LEAGN
Do

Fig. 7(z508FE~Y Y LMETFT T, EARN7AL =
Y ARBEBVTHR L=y rot L EMOHEHEEN
DTA ot R+, DTAfHBIZVFhOBRS S, 300

IRARGE



endo ¢=—— AT === oxo

D
\f .
3) :
¥a
o
A
1 Y 1 1

Tezpsrature { °C )

Fig.7 Effect of nickellocene level on the ther-
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mal decomposition of the propellant

under elevated pressure of helium
Atmosphere ; in helium 50kg/cm? gauge,
sample cell ; Al sealed cell, amount of
nickelocene ; 1) no catalyst propellant,
2) 2.5 parts, 3) 5 parts, 4) 7.5 parts,
5) 10 parts
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Fig.8 DTA curvet of the propellanl under
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elevated pressure of helium
Sample cell ; Al sealed cell, pressure
(kg/cm? gauge); 1) 0, 2) 20, 3) 50, 4)
70

)

-~

endo ¢&—— AT —% cx0

"ﬁ/_/J
ﬂ_\v,_\/\/\
3)

)

5) e

20 409

Temperatute ( °C )

DTA curves of the propellant contain-
ing nickelocene under elevated pressure
of helium
Sample cell ; Alsealed cell; amount of nick-
elocene; 7.5% by weight, pressure (kg/
cm? gauge); 1) 0, 2) 30, 3) 35, 4) 50, 5)
100
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Fig. 10 Effects of nickellocene level on bum-
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O ; zero catalyst propellant, @ ; propell-
ant containing 2.5 parts nickelocene,
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Effects of Nickelocene on the Thermal Decomposition of a Composite

Solid Propellant*

by Hidetsugu NAKAMURA®**, Harunori GOOZI**, Yasutake HARA** and

Hideyo OSADA**

The effect of nickelocene, one of the metallocene, on the thermal decomposition

of a composite solid propellant consisting of ammonium perchlorate and carboxyl-
terminated polybutadiene was studied by the thermal analysis and the burning rate

measurement by a strand method et al.

From the thermal analysis, the following results were obtained.

Under the

atmospheric pressure, nickelocene disappears from the condensed phase with the

sublimation or the thermal decomposition before the decomposition of'the ammo-

nium perchlorate. On the other hand, these phenomena of nickelocene are sup-

pressed under the pressurized condition and nickelocene is still present about the

ammonium perchlorate till its decomposition.
From the burning rate test by a strand method, the following results were ob-

tained. Burning rate of the propellant containing nicklocene increased with in-

creases in pressure, Under a constant pressure between 32 and 56 atm, nickelocene

decreased the burning rate of the propellant.

(**Department of Environmental Sience, Kyushu Institute of Technology,
Sensui-machi, Tobata-ku, Kitakyushu-shi, Japan)
*Studies on the Thermal Decomposition of Ammonium Perchlorate (V)
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