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Table 1 Physical and chemical properties of prepolymer TH-21 and P-41

Prepolymer TH-21

P-41

CH,
Molecular structure

HO-(CH,-&H-CH,-CH,)'-‘ OH

HO+{CH,-CH=CH-CH,}-OH

Density at 289K
[kg/m®) 860

900

Number averaged

molecular weight 2700

2730

OH value

[mgKOH/g] 6.1

4.6

Functionality 2.6

2.18

Viscosity at 303K

(Pa-s] 10

3.6

Heat of formation

AH, [k)/kg] =560

-230

Glass transition

temperature (K] 218

194

Table 2 Composition of propellants

Ingredient
HHTPI HTPB AP
Propellant
HHTPI-0 100 0 0
HHTPI-20 80 0 20
HHTPI-30 70 0 30
HHTPI-50 50 0 50
HHTPI-55 45 0 55
HHTPI-65 35 0 65
HHTPI-80 20 0 80
HTPB-0 0 100 0
HTPB-30 0 70 30
HTPB-65 0 35 65
2R R
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Thermal decomposition and combustion of saturated hydrocarbon-based
solid propellants

" by Takeo SAITO", Masataka SHIMODA”", Toshio YAMAYA®*
Yukika HAN-NYA** and Akira INAMA***

New developed saturated-hydrocarbon-polymeric binder, Hydrogenated Hydroxyl-Terminated
Polyisoprene (HHTPI), has been investigated on its thermal decomposition and burning charac-
teristics in comparison with the present working hydroxyl-terminated polybutadiene (HTPB) as
the binder of solid propellants.

It has been found thermogravimetrically that HHTPI-based propellants always indicate weight
loss curves shifted to lower temperature side by 20-30C as compared with those of HTPB. HHTPI

" polymer performs endothermic reaction. On the other hand, HTPB shows the exothermicity result-
ing from the cyclization and crosslinking reactions overriding the endothermic decomposition. The
exothermic quantities of HHTPI-based propellants increase and approach those of HTPB-based
propellants, when AP contents in HHTPI propellants are increased.

Results gained from the FTIR-spectra of the condensed material on the surface of quenched
samples show that the rapid disappearance of double-bonds and the depolymerization of most of
urethane bond in the early stage of decomposition are typical for HTPB polymer, and finally HTPB
polymer becomes tar-like through the cyclization and crosslinking reactions. On the other hand,
HHTPI polymer with the tertiary C-C bonds is prone to the scission due to the presence of methyl
groups and it changes into liquid-like material. In the flame spreading experiments where HHTPI
contains relatively smaller amount of AP, the liquid layer covering the propellant surface prevents
AP from vaporization into the gas phase and the propellant could not sustain combustion. But,
when HHTPI-propellants with 80% of AP possess nearly closest-packed structure concerning solid
charges, they could cause sustained-combustion because AP particles are not buried under liquid
layers of HHTPI, therefore, obtaining similar flame spreading rates to HTPB. The above descrip-
tions could also be concluded by the examination of the SEM pictures for surface morphology of
quenched HHTPI propellants.

(*The Institute of Space and Astronautical Science, 3 — 1 — 1 Yoshinodai Sagamihara,

Kanagawa 229-0022, Japan
**Techno Seven Cop., Ltd., 1656 Hasawa Kanagawaku, Yokohama, Kanagawa 221-
0863, Japan
***Nippon Koki Co., Ltd., 2 — 1, Nagasaka Dobu, Nishigomura, Fukushima 961-
8021, Japan)
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