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combustion process of propellant ignited by electronic igniter

Xt A K 2 5 4 7R WO R R i 2R AT I OB
S0 R B B BE 23 A AR TR AT KV BE AR, 45
LR 458

(1) e 50 W el e v A 28 1 28 Ak £ 20 AP 1
W R 25 B A Mg WIS A2 i Mg (OH) , o XRD 4521 i
7N, AW A HEHE R o 32 R g AP AL Mg, T I
Ja Y HE L5 EE R AT AP (AL AT Mg (OH), o IR S
FEDEFIFE ALY XRD 5 Mg i L 2T 2K

Bl R ki WWwWw. energetic-materials. org. cn



HEBE G0 TSR R R 5 K R

1149

(2) RWEIR R HESEFILE 420 CLLUFAUH AP (145
fiff O TG S A HE R R i Mg (OH) , 5 AP %
T W% B 9 HCIO, /4R 1 Mg (ClO, ), 3T 225 Ck
Ao, T A AP FI Mg (OH), 7E 370 °C I 43 fi o
O3 BT S 9 78 43k 52 W I S HE R R A AR T R
B PE R IRAS E PE R

(3) AW A HE2E 70 AE 5 R AT LB L Gk OE
VIR RS ) AT RO . X T IO
JEHEHEFR T AP A= 5 P R0 RE DR 1 DL R 1 4

Ja B B AR B0 B8 /B0 LU B BT B, W 2 6 X
FEHEHE T B s R ARA G o A I 7E 58 P
AT DG T B AR A AU HE HE R 1 A AR O, s 0 AT

2% 3k

(V] kM, RE, ITH. AL EIT) ] KM 2
2002(1): 25-27.
ZHANG Wei, ZHU Hui, FANG Ding-you. Research in solid fu-
el-rich propellant[J]. Chinese Journal of Explosives & Propel-
lants,2002 (1) : 25-27.

otE, BPad, Bl S RTORHE R B9 BT R BUR K R 2R
[J)]. &3, 2005(1): 48-53.

XU Hui-xiang, WEI Hong-jian, FAN Xue-zhong, et al. The cur-

[2

[

rent development and future trends of fuel-rich propellant[ ) ].
Aerodynamic Missile Journal ,2005(1) . 48-53.

FA TR I AR B A B 2 R BRBE R (D] M
5T R4, 2008.

WANG Wei. Research on anti-moisture absorption and anti-ag-

—
w
[

gregation technology of oxidant in solid propellant[ D]. Nan-
jing: Nanjing University of Science & Technology, 2008.

RUF. AN BRIE 25 S B 1 ) o MOHAPEREIESEL D] A BT M AT
T K2, 2014.

SONG Juan. Preparation and performances study of superfine

—
N
[

spherical ammonium perchlorate[ D]. Nanjing: Nanjing Univer-
sity of Science & Technology, 2014.

ABTE MR, X A MR R B R A B AR ()] KK 22441,
2009, 32(1):9-12.

DENG Guo-dong, LIU Hong-ying. Anti-aggregation technology

—
w1
[

of the superfine powder of AP[J]. Chinese Journal of Explosives
& Propellants, 2009, 32(1): 9-12.
Charles A. Saderholm, Richard A. Biddle, Leonard H. Caveny,

et al. Combustion mechanisms of fuel rich propellants in flow

—
(o)}
[

fields| M]. 8th Joint Propulsion Specialist Conference; American
Institute of Aeronautics and Astronautics, 1972.

S, RE, J7 T, AR, BE R PR S SEUE HE SRR be 1 BE A 4R
[ K252 4% ,1998(3) « 4-7.

ZHANG Wei, ZHU Hui, FANG Ding-you et al. Study on com-

bustion characteristics of magnesium/aluminum fuel-rich propel-

—
~N
—

lants[ J]. Chinese Journal of Explosives & Propellants, 1998 (3) :
4-7.

R, RE, BERR, SF. B BE AT S R R AR R T R AR BR AT 5
[)]. S A ,1999, 20(2) : 95-98.

ZHANG Wei, ZHU Hui, XUE Jin-gen, et al. Flammability limits

—
e}
—

CHINESE JOURNAL OF ENERGETIC MATERIALS

W

—
O
—

[10] &

[11]

[12]

[13]

[14]

[15]

[16]

[17

[

[18]

[19]

of aluminum-magnesium fuel-rich propellant[J]. Journal of Pro-
pulsion Technology,1999, 20(2): 95-98.

WSt AL R X R Y R R e et (D] b
e bR E T ORE, 2011,

ZENG Liang. Core-shell structure aluminum powder impact on
the reaction process of aluminized explosive[ D ]. Beijing: Bei-
jing Institute of Technology, 2011.

S, RN AR GE . KR M R AR X I P e e AL )2 R
)], KIEZieadl, 2011, 34(4): 26-29.

ZENG Liang, JIAO Qing-jie, REN Hui, et al. Effect of particle
size of nano-aluminum powder on oxide film thickness and ac-
tive aluminum content[ )J]. Chinese Journal of Explosives & Pro-
pellants, 2011, 34(4): 26-29.

W5, I AL S BRSO G M B S R BT ()]
FUHLT S22, 2012, 32(2) . 206-211.

ZENG Liang, JIAO Qing-jie, REN Hui, et al. Studies on oxide
film thickness and activity of micron aluminum powder[]].
Transactions of Beijing Institute of Technology,2012, 32 (2).
206-211.

R SREM B AL A LR T M ] JE AT b AT B TR 2 R
¥, 2015.

REN Hui. Introduction to inorganic chemistry of energetic materi-
als[ M]. Beijing: Beijing Institute of Technology Press, 2015.
X, AR fLIA S m AR E RO R)]. SREMR
2000, 8(2): 75-79.

LIU Zi-ru, YIN Cui-mei, KONG Yang-hui, et al. The thermal
decomposition of ammonium perchlorate[ J]. Chinese Journal of
Energetic Materials( Hanneng Cailiao) ,2000, 8(2): 75-79.
. BROP AL e SRR B ) o 5 R AE S R R ERERTSE (D ]
o5t Jbat TR %%,2015.

LI Shan. The research on preparation and characterization of
spherical ammonium perchlorate and its thermal decomposition
properties[ D ]. Beijing: Beijing Institute of Technology, 2015.
Zhu Yan-li, Huang Hao, Ren Hui, et al. Kinetics of Thermal
Decomposition of Ammonium Perchlorate by TG/DSC-MS-FTIR
0]. journal of Energetic Materials, 2014, 32(1) . 16-11.
S, RE, TP T, AF. AR AU 0 AR bk i N KU vk
WEsE[)]. SrEed ik, 1999, 7(3): 118=121.

ZHANG Wei, ZHU Hui, FANG Ding-you, et al. A study on
measurement of fuel-rich propellant combustion property at low
pressure[ J]. Chinese Journal of Energetic Materials ( Hanneng
Cailiao) ,1999, 7(3): 118-121.

I, W, PRIT, 4F. BOBPREE 6 Mg/PTFE 23 S fi it il 49 e
PEREREMA )], & AERRL, 2010, 18(2): 180-183.

ZHENG Lei, PAN Gong-pei, CHEN Xin, et al. Effect of magne-
sium powder particle size on combustion properties of Mg/PTFE
fuel-rich propellant[)]. Chinese Journal of Energetic Materials
(Hanneng Cailiao) , 2010, 18(2) . 180-183.

ARG, BN, JE A, SF. BRBE BT SUME M R OGS KRR
[J]. #2230, 2013, 25(1): 85-88.

ZHU Guo-giang, XUE Tan-shun, ZHOU Chang-sheng, et al.
Laser ignition characteristics of aluminum-magnesium fuel-rich
propellant[ J]. Journal of Ballistics,2013, 25(1) . 85-88.

TR, ZEBoY, Z8l, S5, B g0k G OB BY i E SR AR OS2I B R
BetkREMr T [ )], BR K Hi AR, 2004, 27(2) : 117-120.
JIANG Zhi, LI Shu-fen, LI Kai, et al. Research on the ignition
and combustion properties of composite propellant containing
nano metal powders [ J]. Journal of Solid Rocket Technology,
2004, 27(2) . 117-120.

b A A 2016 4% #24 % %128 (1145-1150)



1150 MBS, £ B, BN, wik

Analysis on Moisture Absorption and Ignition Failure of Fuel-rich Propellant Containing Magnesium-Aluminum

SUN Ya-lun', REN Hui', JIAO Qing-jie', HUANG Hai-long’
(1. State Key Laboratory of Explosion of Science and Technology, Beijing Institute of Technology, Beijing 100081, China; 2. Beijing Power Machinery Institute ,
Beijing 100074, China)

Abstract: To analyze the failure mechanism of an aerospace type of magnesium-aluminum fuel-rich propellant, the component,
thermal decomposition rule and ignition performance at atmospheric pressure of the fuel-rich propellant were tested by micro mor-
phology analysis, X-ray diffraction( XRD ), thermal analysis and high-speed photography and other detection means. The results
show that ammonium perchlorate(AP) in the propellant after moisture absorption is agglomerated and Mg(OH), is formed by the
reaction of product after Mg oxidizing with water after moisture absorption. Before moisture absorption, only crystal transition and
thermal decomposition with mass loss of AP happen before 420 °C. Thermostability decreases after moisture absorption, and mass
loss begins at 90 °C. There are four decomposition steps before 420 °C: evaporation of water, thermal decomposition of
Mg(ClO,), and decomposition AP and Mg ( OH ), propellant before moisture absorption is able to burn stably after ignition by
electric igniter under atmospheric pressure, while propellant after moisture absorption cannot be ignited. Analyses believe that the
cause of the failure of the propellant ignition is the AP agglomeration and reducing of active magnesium content, therefore, the pri-
ority attention and regular sampling monitoring for magnesium-aluminum fuel-rich propellant stored in humid environment should

be applied.
Key words: fuel-rich propellant; moisture absorption; thermal property; ignition failure
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