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Temperature and Humidity Aging Characteristics of
Composite Solid Propellant

Kyung-Joo Lee*

ABSTRACT

We have anélyzed the temperature and humidity aging test results of a composite solid
propellant. ~ The temperature aging test was performed to evaluate the storage life of a
propellant, while the humidity aging test could provide the hygroscopicity of Ammonium
Perchlorate (AP) exposed to relative humidity (RH) 10, 30, 50% environment. A specimen was
used in the temperature test, and a block of propellant from the actual motor was used in the
humidity test. We report that the 4-month storing at 60 degree is equivalent to the 10-year 60
degree condition. The composite solid propellant with HTPB binder showed signs of hardening
with time lapse but the effect of humidity up to RH 50% was not noticeable.
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Table 1. Composition of Propellant
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Fig. 1 JANNAF specimen for temperature aging
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Table 2. Humidity Aging Test Results at RH 100%,
Storage Temperature 60°C
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(bar) %) | %)
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Fig. 7 The change of modulus at high humidity storage
condition
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Fig. 9 The result of humidity aging at 20 storage
temperature
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Fig. 10 The result of humidity aging at 40°C storage
temperature

50% vl e 73}el] 2
€& A3 A YehtA e A
Saa=g

Figure 109] A3} 40ColME Z7) 134
10, 30, 50%9] Fko] HuUiEE 10%9 ZFiol H]
3 =A Jetd 2 B F Aded, ol AR
=0l o 15 wtel| FXAe Hzrl gnd
Aotk 40T AF LRdE A Fx71 30,
S0%AME A&Hew AuFHAT Fo &=
10%9] Hlsil e B e 7HAY Fo18dh
Figure 112 60T A% deje] 245 B &
FAA F2 A FF Lx9 2L 60T A
A &% 20, 40T H&) =3 HT/} ¥
134 Jetue e B 5 do =23 Ad &
Qe AR z7)o JEIrE SR A
ﬂ%i 7+l Hol Aol Fxo ®lE & 7]
Het At ole Ziﬂ Tl 27 g &
AHog FA 3 FFo] A R
7178 wA L‘r&“ gy slw Wxe
I 7 AT 1A RZ w4
Aoz waste At He A

i
Hd

—

oo ooy £

_l_u

o)

-
N

lOFIFO\l)ll}:d&rll{orlr}‘ﬂu* .
£

o fr o W
2,

,&J,%rkﬂ

2L
2
o L
2
o
rlr

2 gAY AR g =
el B4 At A4H A
A3t 1 e Aoz B
o] et

W o
L

i
4
o
b
2
1L
A
o
rm
N
&

300

260

240 g -
220 .

200 = A

Modulus, bar

180 Bz

160

140 " RH10%H

L o RH30%

120 4 RH50% I

100 ! T

0 5 10 15 20 25 30 35
Aging Time, Week

Fig. 11 The result of humidity aging at 60°C storage
temperature



52 olgsF

Table 33} Fig. 12, 13& 713 x3 FA=r} 4
60T A AN 2t gEE AL 2 &
A Aot 5719 fddol ¥ YFE wed)
71 ) FAA EWH WREE o] dx &
EE AT dd §5 0% e 92 &
= Wt AA deuA ggnh sAw 165

AA ZRG AU FE 0%IMNE 82 AAE
GFo] YehiA g}, 1650 7 22sY
o, Al $E 50% AT A Ak 57} o
7 Bt

Table 3. Buming rate in humidity aging test (60C)

=3 A4 &= b (mm/s)
AL, 10% RH 30% RH 50% RH
week

59 [ R | 9 [ WE | 859 [ Wy
] 13.04 | 13.04 | 13.04 | 13.04 | 13.04 | 13.04

0.14 - - 12.90 - 12.93 | 13.02
0.43 - - 12.94 | 12.84 | 12.89 | 12.92
1 - - - - 12.87 | 12.81
4 12.89 | 12.87 | 13.00 | 12.84 | 12.68 | 12.61
8 13.11 | 13.02 | 13.08 | 13.03 - 13.00

16 13.09 | 1295 [ 12.75 | 12.80 | 12.76 | 12.89
32 1292 | 12.95

Propellant Block Surface

T H T
1 i I
| * |
A ]
L e s B T
; ! |
| ’ i
H
4 | ; |
i ! f
| |
] & ——— o i
13 — AT = e ST e — e —
% T t\\\\ | e
€ e b ——=n i |
€ - i i !
=1 i i {
o i ! ;
i I
—& - 10%RH || H 1
12 || —A= B0%RH | e [E RS
-~ 50%RH (! | ;
| | |
4. i i
| 10 20 30

Aging Time, week

Fig. 12 Buming rate (Block Surface) measured at 60°C
storage condition
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