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Table1 Propellant formulations of propellant.
Plasticizer AP HTPB PTHF IPDI AP HTPB PTHF IPDI
(%) (%) (%) (%) (%) (%) (%) (%)
Nonadditive 2778 0 2.22 1852 0 148
PTHF1 70 26.92 0.85 2.23 20 17.95 0.57 148
PTHF2 26.06 1.78 2.16 17.37 1.19 144
PTHF3 24.50 347 2.03 16.33 2.32 1.35
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Fig.1 Influence of PTHF on curing characteristics of uncured 3.2 HBIAYRHE
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Table2 Apparent viscosity of uncured propellant at 600 minutes.
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Table3 Influence of temperature on hardness.
Hardness (N)
Plasticizer 70 % AP 80 % AP
253 K 278 K 293 K 333K 253 K 278 K 293 K 333K

Nonadditive 0.99 0.99 1.00 0.99 1.05 1.04 1.04 1.05

PTHF1 0.98 0.96 0.98 097 1.05 1.04 1.04 1.03

PTHF2 0.96 0.94 0.92 0.92 1.05 1.01 1.01 1.02

PTHF3 0.95 091 0.89 0.88 1.04 1.00 0.98 097
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Table4 Influence of PTHF molucular weight on om and em
70 % AP 80 % AP

Plasticizer Om &m Om &m
(MPa) (%) (MPa) (%)

Nonadditive 0.15 69 0.62 11
PTHF1 0.31 16 0.25 19
PTHF2 0.28 10 0.30 18
PTHF3 0.31 12 0.34 13
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a)DTA 680
)
o
x
i
o
©
c
|
l
| | |

0 pe=m—— - —
S tpre T
&3 L
°
v 501 plasticizer n
< [ == nonadditive ]
= | — PTHAL

----- PTHF2

----- PTHF3. >

100 :
400 500 600 700 800

Temperature (K)
Fig.3 TG—-DTA curves of propellant at 80% AP.

ERICKAWBMYE -7 O EIRICE S ERENPREE TV
5o APEAHRT0% DFE Y — 7134 690K T, 80% THl
& L 72 HEHESE I 680K TH o 720 APEH AR 70% DI H
¥—2713, 80% ®ZFh & H~_TI0KIFE®ERMIIZY 7+
LTWwiz, TNENDOAPEAFETHEIN-HEEED
DTAMAIZIZIZF L TH Y, PTHRRMO B2 2\ &
WZ EDbhol,

TGHIHIZ L X, AP/HTPBR M3 Tl B 5 1% D
PIIGIRIE 2> S ERIC 2 5 L BB E T D, —h
PTHFZ R0 L 72 e 36 T UL, FEBMRBIGIRIE & 0 %R
KBV T b TR ERBPREE TS, 28, Zob
BOERWRPOERIE LD S e do iz, HEEIEDOLR WD
HREV, ThbbESEOREHPHIL, 600~700KTII
Zd U Tdh o 720 700~780KIZ BT, #10% O H &K
LB SNz, WO X, HTPBEPTHF % &N



148 Makoto Kohga

Table5 Theoretical performance.

Adiabatic flame Specific impulse
Plasticizer temperature (K) (Ns kg1
70 % AP 80 % AP 70 % AP 80 % AP
Nonadditive 1474 2393 2014 2267
PTHF1 1478 2400 2014 2269
PTHF2 1482 2407 2015 2272
PTHF3 1491 2419 2017 2276
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Table6 Theoretical mole fraction of combustion products.

70%AP
Mole fraction (—)
Plasticizer
CHy CO CO2 He H20 N2 graphite
Nonadditive 0.0279 0.1761 0.1013 0.1146 0.3282 0.0938 0.0611 0.0970
PTHF1 0.0280 0.1761 0.1025 0.1150 0.3285 0.0946 0.0612 0.0941
PTHEF2 0.0282 0.1759 0.1037 0.1152 0.3288 0.0956 0.0613 0.0913
PTHF3 0.0286 0.1756 0.1059 0.1158 0.3292 0.0974 0.0613 0.0862
80%AP
Mole fraction (—)
Plasticizer
CHy CcO CO2 H2 H20 N2 graphite
Nonadditive 0.0005 0.1742 0.1347 0.1512 0.2891 0.1718 0.0785 0
PTHF1 0.0004 0.1725 0.1351 0.1514 0.2866 0.1754 0.0786 0
PTHEF2 0.0004 0.1707 0.1353 0.1517 0.2842 0.1791 0.0786 0
PTHF3 0.0003 0.1676 0.1359 0.1521 0.2797 0.1857 0.0787 0
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Fig.4 Burning rate characteristics of propellant at 70% AP.
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Mechanical properties and burning characteristics of
AP / HTPB composite propellant using
polytetrahydrofuran as a plasticizer

Makoto Kohga™®

It was reported that the curing behavior, mechanical properties, and thermal decomposition behavior of HTPB binder
was improved by a small amount addition of polytetrahydrofuran (PTHF) to HTPB. In this study, the curing behavior,
mechanical properties and burning characteristics of the AP / HTPB composite propellant using PTHF as a plasticizer.
PTHEF had a little effect on the hardness of the propellant. The tensile properties were changed by the addition of PTHF
and these properties of propellants added with PTHF were not influenced by the AP content and the molecular weight of
PTHEF. The specific impulse and adiabatic flame temperature are theoretically increased by the use of PTHF as a plasti-
cizer. On the other hand, the thermal decomposition behavior and the burning rates of the AP / HTPB propellant were
not improved by the small amount addition of PTHF.

Keywords : polytetrahydrofuran, plasticizer, hydroxyl—terminated polybutadiene, composite propellant
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