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ABSTRACT

In this report, the post-curing and chemical aging ratio of propellants are described according
to several aluminum contents. Under the same curing conditions, it was confirmed that the
post-curing period of propellant having the aluminum content of 18 wt% was longer than the
propellant having the 2 wt% of aluminum. On the other hand, in the chemical aging ratio
analysis including post-curing, the propellant having the 18 wt% of aluminum was confirmed that
the chemical aging proceeds slowly compared to the propellant having an aluminum content of 2

wt%.

= =

br
N

o 2o

2 v Wdtel mE FA ] FA3el i 9
=8t Y AsAdoA dFrlE FEFol 18 wthdd FIATE 2 wt
7170l dojA= Aoz sQlsiitt. v 3357F x9hd gehA wsie
ol 18 wt%l FZAZE 2 wt%Ql FA thH] 33HA =357t A3 s

oo

kxé, 3}

“&
z 2
N
(<0
o

ol
o o @

Z

N
=

1
i <lm
=)

O
-

o X X

22
oo

=
-
g

rr

R
ro
N2 e

Key Words: Post-curing(¥7 3}), Chemical Aging Ratio(38% =3}=), Aluminum(¥F¥¥)

LM 2 2 A7l AR A 24 HAdlnE

HTPB(Hydroxy-terminated polybutadiene)”} Ak
G738 1A FZ A (Thermosetting  propellant) |53 A= 2YAH190~200 m)eF Fr

= Y, AEA, 24595 2 AR A AAGE~7 m)7t AR vE&E2 g8 FFGa4
Hol glon, FX7# FE HGHE FIA ¢t 2 FH(Ammonium perchlorate; AP)¢] 45
% shtelth 25 7~10 m9 ¢F7) 5 (Aluminum, Al) 4=

7b AREEAJT 53] LFHEe A FA Y

R o . e
Received 3 Decenber 2019 / Revised 13 My 2020 / Accepted 18 May 200 M5 (Specific impulse) 2 2071 s AHEs]

Copyright © The Korean Society of Propulsion Engineers = 7FF H8Z] d5o)r] wEd ¢FrFE 3
PISSN 12266027 / eISSN 22884548 So] W2 =4 Ao Tek o7 wo] 2
[o] =R dI=FHFes] 0199% FASkET)(2019. 11. 27-29, )

et JA=sE) BEEES Al 4 - B A9 WAL, dEREe] FAA sk mA

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
Jlicenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



X243 R4Z 2020. 8. YT 0= S HE FIN =8t Y 67
Table 1. Propellant composition(wt%). R127 _
< ]
Al2wt% | Al-18wt% 254
. 1 | Y
HTPB/IPDI/additive 13 13 208
— | 1
AP 85 69 127 23 e
Al 2.0 18.0 e
Fig. 1 JANNAF specimen for tensile test
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Fig. 2 k-factor and accelerated aging data of propellant with post curing.
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Fig. 3 Chemical aging ratio of propellants with post
curing.

Table 2. Chemical aging ratio of Propellants with post

curing.
Composition Al2wt% | Al-18wt%
Year 0 10 0 10
Chemical aging ratio
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1 (131 1 [1.20
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Fig. 4 Propellant mechanical properties increase with post

cuing at 20C a modulus b) maximum

strength[9).
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Fig. 5 Gradients of propellant modulus increase with

post curing at 20C.
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Fig. 7 Chemical aging ratio of propellants without post
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Table 3. k—factor of propellants.
A E, (cal/g-mol)

p Al-2wt% 162880.8 6715.8

° | Al-18wt% | 108524.1 7236.5

o Al-2wt% 107.4 3331.6

" Al-18wit% 10.8 2890.6

p Al-2wt% 98694.0 7195.88

" AL-18wt% 1222.0 5110.8

Table 4. Comparison of chemical aging ratio of
Propellants with and without post curing at
10 years.

Composition Al2wt% | Al-18wt%

with post curing (@) X (@) X

Chemical aging ratio
of Modulus

Chemical aging ratio

1.34 ({120 | 1.24 | 1.07

1.31]1.18 | 1.20 | 1.08
of Maximum Strength

Chemical aging ratio
0931092094 | 0.96
of Strain




72 YAz - H4¥s SRS EE K]

4.2 B

2 AFdAE ¢FvE TS 2 wt%, 18
wt%E A7} F=A|(HTPB/AP/Al) ZAol &
sl gletE w3=E BAEA. ¢FvE &
ol 18 wt% el Al-18wt% FA L Al2wt% =
Ao $437F o AzE AP ol &

3
=
=

g Akl o3 FERkgEETE F3Ho &
B3 5stA Agd(sde 2 olFr] el
gel-timeol] =g3oexn uiilrie] fF4do] A

ol
Fo] vlarg WSk wol Wol wHT WY
of UG ¥ AAA nf FFAAE 2
7l 224k Urtel

EF n:lr e

_E

2
oo b

il "
o2 Jo 2 of

References

1. Yim. YJ., “Performance Prediction of Aluminized
High Energy Propellant” 5" KSPE Spring
Conference, pp. 121-127, May 1996.

2. Myers, G.E.,, “Chemical Structural Aging
Effects.,” AFRPL-AD-A000538, 1974.

3. Cost, T.L, “Probabilistic
prediction of missile structures subjected to
random thermal loads,” 18th AEROSPACE
SCIENCES MEETING, Pasadena, California,
US.A., AIAA-80-0406, pp. 14-15, Jan. 1980.

4. Park, S.J., Choi, SH., Won, ]J.U., Park, J.H.
and Park, E.Y,,
Propulsion System Including A Yellow
Iron Oxide,” 48th KSPE Spring Conference,
Jeju, Korea, pp. 498-503, May 2017.

5. Yim, Y.J., Park, EJ., Kwon, T.H. and Choi,
S.H., “Effect of AP Particle Size on the
Physical Properties of HTPB/AP Propellant,”
The Korean Society of Propulsion Engineers,

service life

“Solid Propellants for

10.

11.

12.

13.

. Layton, L.H.,

. Jung. GD,

Vol. 20, No. 1, pp. 14-19, 2016.
“Chemical Structural Aging
Effects,” Thiokol-AD-A002836, 1974.

. Yang, X, Sun, C., Zhang, J. and Xu, J.,

“Mechanical Properties Experimental Investigation
of HIPB Propellant after Thermal Accelerated
Aging,”  5th
Computer-Aided Design, Busan, South Korea,
AIP Proc. 1834-030013, Apr. 2017.

International ~ Conference on

. Park, J.H., Ryu, N.S.,, Park, J.B. and Jung,

G.D., “Natural Aging Properties Analysis
of HTPB Propellant,” Journal of the Korean
Society of Propulsion Engineers, Vol. 23, No.
1, pp. 9-14, 2019.

Park, J.B., and Kim, S.H.,
“Study on the Experimental Aging Estimation
Technique for HTPB based Solid Propellant
Considering Post Curing Effect,” Journal of
the Korean Society of Propulsion Engineers,
Vol. 22, No. 3, pp. 51-57, 2019.
and Choi, S.H,,

Characteristics used for a Rocket-Assisted

Jeong, J.Y. “Propellant

Projectile ~ with  Aluminium  Contents,”
Journal of the Korean Society of Propulsion
Engineers, Vol. 23, No. 5, pp. 60-66, 2019.

Kim, S.R, Kim, Y.G. and Lee, ].D. “A
Study on The Improvement of Construction
Defect
Film for Waterproof and Anti-Corrosion,”
Journal of the Architectural Institute of Korea
30, No. 11,

of Aftercuring Polyurea Coating

Structure & Construction, Vol.
pp- 45-52, 2014.

Adel, WM., “Service life prediction of
AP/Al/HTPB solid rocket propellant with
consideration of softening aging behavior,”
Chinese Journal of Aeronautics, Vol. 32, No.
2, pp. 361-368, 2019.

Hocaoglu, O., Ozbelge, T. and Pekel, F.,
HTPB/AP-Based Composite
Solid Propellants, Depending on the
NCO/OH and Triol/Diol Ratios,” Journal of
Applied  Polymer
959-964, 2001.

“Aging  of

Science, Vol. 79, pp.



