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Table 1 Propellant compositions
E xp. No. 1 2 73 5 6 7 8

Binder

HTPB-3 100 (1.0eq)

DOA (phr) 10

IPDI (eq) 1.0 1.1]12 1.0 10* 1.0* 1.0*

DBTDL | Triethyl| TEA T™MP TG-300
Additives (phr)] — | — | — amine
2.0 2.0 2.0 4.1

Propellant (%)

HTPB BDR 20

RDX (C) 56

RDX (F) 24

O HTPB-3: poly bd R-45M with AO-2246 1phr,
O RDX(C): Dm=1504, RDX (F): Dm=54.
O 1.0* eq show adjustment of IPDI content according to hydroxyl group

content,

12
0P
- - o
~5 8 O/
Y
:"a’ 61 O/
o 4 o
80 -
E 60 | ®
E ol /
20 |- o—o
IPDI | IPD] IPDI
Additive 1 geq |1.1eq | 1.2eq| MAPO
nuidml AlAjA|l A

Fig. 1 Dependence of IPDI on mechanical
properties of composite propellants,
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IPDI mfE@mmik &R 57-%ic, Tablel,Exp,

No. 1~3izsx+m< IPDI iz & HTPB ok ik
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Fig.2 Dependence of curing catalysts on me-
chanical properties of composite propel-
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Table 2 Propellant compositions

Exp. No, 1 9 10 11 12

Binder

HTPB-3 100 (1.0eq)

DOA (phr) 10

IPDI (eq) 1.0

Addit; h HTBN-17| HTBN-10 | HTBS-20 MPB

ives(phr))  — 2.0 2.0 2.0 2.0

Propellant (%)

HTPB BDR 20

RDX (C) 56

RDX (F) 24

HTBN-17, -10: Bound Acrylonitryl 17% and 109

HTBS-20 Bound Styrene 20%
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Fig.4 Dependence of polybutadiene with functional
groups on mechanical properties of compo-

site propellants,
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Fig.5 Dependence of processability modi-
fiers on mechanical properties of
composite propellants.

Table 3 Propellant compositions

Exp. No. 1 12 13 6 14
Binder
HTPB-3 100 (1.0eq)
DOA (phr) 10
IPDI (eq) 1.0 . 1.0 1.0 1,0* 1,0¢
Additives(phr) - MPB MPB TEA TEA
2.0) (10) ¢4 (2.0)
MPB
.0)
Propellant (%)
HTPB BDR 20
RDX (C) 56
RDX (F) 24
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Table 4 Solubility between binder compositions

A~2B | maPO| TEA | MPB | IPDI DOA | NFPB | HTPB
HTPB AA|lABD|OO|[OO|OO|OOL-
NFPB A Al x x|OO|lOO|lOO!LL—
DOA oo|xx|oo|loo| —
IPDI OO0O|x x| 0O
MPB O O x x| — let: A/B=15/15 (g/g)
TEA oo — right : A/B=25/5 (g/g)
MAPO
O : good solubility A : partial solubility
X : bad solubility
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Fig.7 Binder properties with and without
TEA
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Table 5 Propcllant compositions

Exp. No, 1 6 15 16 17 18
Binder
HTPB-3 100 (1.0eq)
DOA (phr) 10
1PDI (eq) 1.0 | 1.0*| 1.0 | 10| 1.0 [ 1.0¢
TEA (phr) — | 20 - 20 — | 20
Propellant (%)
HTPB BDR 20 2 20
Filler 80 (RDX) 80 (AP) 8 (G.B.)
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Fig. 10 Effects of TEA and MPB on mechan-
ical properties of composite propellants
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Curing Mechanism of Nitramine/HTPB Composite Propellants (Part 2)

by Kunio HASEGAWA¥*, Michinori TAKIZUKA®*,
Takaaki FUKUDA®* and Naminosuke KUBOTA**

It has been reported that MAPO is a good bonding agent for AP containing
propellants, but is not for RDX containing propellants,

In this paper the process and the results for searching the good bonding agents
and good processability modifiers for HTPB/Nitramine composite propellants have
been described.

The following conclusions were obtained.

(1) For nitramine composite propellants, triethanolamine (TEA)is a good mechan-
ical property modifier, but makes worse the processability,

(2) For nitramine composite propellants, maleic anhydride-terminated polybuta-
diene (MPB) is a good processability modifier.

(3) Improved mechanical properties and good processability are obtained by add-
ing TEA and MPB in nitramine composite propellants.

(* Chemicals & Explosives Laboratory Taketoyo Factory, Nippon Oil & Fats

Co., Lid., Taketoyo, Aichi 470—23, Japan,

**Third Research Center, Technical Research & Development Institute,

Japan Defense Agency, 1—2—10 Sakae, Tachikawa, Tokyo 190, Japan.)
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