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Table 1 Propellant composition (mass %)

Ingerdient
HHTPI HTPB AP* Al**
Propellant
HHTPI-12 12 70 18
HHTPI-14 14 68 18
HTPB-12 12 70 18
Q : 851, Selt-Sustalning gnition) ¥ :CS. (Combusgon on Surface)
@ : RAC. (Radiation Assisted Steady-State Combustion) Bl : P.LS. (Pulsating lgriion on Stiface)
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Fig. 1 (a) Ignition characteristic map of HHTPI-12 in argon gas.
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Fig: 1(b) Ignition characteristic map of HTPB-12 in argon gas.
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Fig. 4 Ignition times of HHTPI-12 at Ar 500torr.
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Table2 Pyrolysis initiation temperature (Tp)
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Temperature T (CT) Ti(C)
HTPB-12 218 361
HHTPI-12 198 353
HTPPI-14 202 354
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Fig.10 SEM photographs showing binder-matrix regions in sample quenched

under various ignition conditions.
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Effects of binders on the ignition characteristics of
aluminized AP-based composite propellants at
subatmospheric pressures by CO: laser

Takeo SAITO®, Norihiro SEKI**, Toshio YAMAYA*,
Masataka SHIMODA®* and Akira IWVAMA®***

Ignition characteristics at subatmospheric pressures for aluminized AP-based propellant con-
taining HHTPI (hydrogenated hydroxyl-terminated polyisoprene) as a new binder were investi-
gated compared to those of the conventional composite propellant (HTPB/AP/Al). Conceming the

" HHTPI/AP/Al propellant, a new ignition behavior which had never been observed in our experi-
ments at subatmospheric pressures took place in the range between lower heat fluxes at Ar 300torr
and higher heat fluxes at Ar 700torr. The phenomenon was named self-quenching ignition (S.Q.I)
, that is, even if an external radiation onto the sample surface was completely cut off immediately
after ignition, the sample continued to bumn unstably for some time but after that genched spontane-
ously. There was seldom the significant difference between ignition times of the two propellants
but there was the marked difference between their self-sustaining ignitability. HHTPI-based pro-
pellants could ignite self-sustainingly over 500 torr, and, on the other hand, HTPB-based ones even
at 100 torr. The both propellants indicated almost equal exothermic peak temperatures on their
DTA curves. The time-history of the surface temperature measured using the fine thermocouples
showed that the surface temperature at ignition was higher for HTPB-based propellants than for
HHTPI-based ones. The HHTPI-based propellants would be expected to show apparently lower
surface temperature because the bead junction of the thermocouple was imbedded into the liquid-
ized HHTPI propellant surface. The SEM photographs of the sample surface for the both propel-
lants quenched under various ignition conditions represented the appearence of the undercutting
around the AP crystals resulting from the heterogeneous reaction of oxidizing species from AP with
the condensed binder or the homogeneous reaction between oxidizing species from AP and the
binder pyrolysis products. For the HHTPI-based propellant, furthermore, it was observed that Al
powders involved in liquid HHTPI were carried over the AP crystal surfaces and the site of the
under-cutting by the flowing of liquidized HHTPI binder. The poor self-sustaining ignitability for
HHTPI-based propellants would be thought to be due to the fact that liquidized HHTPI binder
covered the surfaces of AP crystal on HHTPI-propellants, preventing AP from thermally decom-
posing and that the oxidizing species from AP could not be fed to the flame. Consequently, it would
be expected at subatmospheric pressures that the ignition times are dependent on the condensed-
phase reaction, and that the self-sustaining ignitability is controlled by the gas phase reaction, i.e.
flame reaction.
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