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Fig.1 Schematic of the conductivity test system
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Fig.2 Sectional morphology of ECSP analyzed by SEM
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(1) TG-DSC-MS B JH 43 Hr

TG-DSCA U ai U2 99.999 %),
WS 40 mL-min™, PR3 E 20 mL-min™';
FE S T 2910 mg, FHR %8 10 °C-min™, 20 i
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Fig.3 TG-DSC curves of pure HAN solution and ECSP
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(2)HAN B4k 22 4853 i A0, HAN B35 50 3853 fifk 72 ) LA
K Ao i HAN 5 PVA &AM B AE, Z B H,0O
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Table 1 Fragment peaks and their assignments of pure HAN

solution

m/z T,/ C T,/°C possible assignment
18 158 251 H,0*

28 161 173 N,*

30 161 181 NO*

32 168 175 0,'/H,NO*

44 161 173 N,O*

46 168 175 NO,*/ H,N,O*

Note: T, is the temperature of the evolved gas detected by the mass spec-
trometer. T, is the temperature (peak temperature) of the evolved gas

at the maximum concentration by the mass spectrometer.

R 2 ECSP ity Wy R & 1 U K 7T RERY IR
Table 2 Fragment peaks and their assignments for ECSP

m/z T,/ C /< T,/C T,/C possible assignment

17 179 203 251 - NH,"

18 158 201 251 - H,0*

28 175 193 203 - N,*/CO*
30 175 185 193 203 NO*

44 175 193 203 - N,O*/CO,*

Note: T,is the second temperature (peak temperature) of the evolved gas at
the maximum concentration by the mass spectrometer. T, is the third
temperature (peak temperature) of the evolved gas at the maximum

concentration by the mass spectrometer.

3.3 BESXRSH

(1) T 8 ri 42 1 1A 4 F 391 AL 5 536 149 5

&l 5 J& ECSP 11 L, 5 5% il 35 40 2 76 AN [\] e o 1 1Y
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R ATRSE I (K F 1000 Hz) W T EE . R R 7E
I A5 75 ] (0~1000 Hz) N H T HL # A9 B Ak 2500,
ECSP (1% F, 5 258 3 3 1 ) 401 23 5 0 (%) A0 P o i s
Y H (KT 1000 Hz) W, 78 PVA il NB 22 8K Ji5 T B
B = 4E W45k &k R b, ECSP &k I HAN [
NH,OH"Fl NO, 7 4 2 3 Jin 0 1% &L T X’ 3 1 75 8

Chinese Journal of Energetic Materials, Vol.27, No.9, 2019 (743-748)

652 FV Y FRER 4 . 53 4h ECSP HL S RFER BRI
U E TR, PR BT 2 06 LS 4 U B 1 R
FHETT.

BE A, B8 1 3 A, 2% 5 30 ECSP L S35 1 1
JE 5 BR 2 , HEL S 3R AE AR5 [ (0~1000 Hz) 3 i
FCER 3 PRI Ay SR 018 5 o ol A5 F AR 5 Rt 2 fh
B ECSP I 2% R B AR /N, B T 5 8 7 2 ) T
55 0 2 2 114 1 206 5 4 ok i A B A R B s L B R T
IR AR R TR = 8

¢ moD
¢® S D

—+—0.1 MPa

—=—1 MPa

—e—2 MPa

‘ . . . —— 3 MPa

0 2x10° 4x10° 6x10° 8x10°  10x10°
frequency / Hz

Bl 5 ECSPHL G 3REH HURTEA ] R T A2 1k
Fig.5 The dependence of conductivity of ECSP on the fre-
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quency under various pressures
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[ f5z = Ui B O 150 °C, B £/ ECSP 19 41 70 A & A= 3 4y
fitt . MNIE 6 AT LA, 753 — i B2 T, ECSP [ L J: %
i T 3 A A R e G K R S TR . BEE R
FE B 3 fin, ECSP /Y WL S & 7E IR M & 0 [ (0~
1000 Hz) N 38, 52 900 I B2 & 850 BN o Jt B
Shy L BE B T v A A3 ECSP H 41 43 1 HL S E BN, A7 A
MBS LA AR AR IS BR , A Wiz B AR AR R B (15 3
T P R O LS B T B S B 2
M3 il , A R T ECSP B F Rl M 8 1 B k.
T B %] 150 °CHY, ECSP 4 B 5 3R 78 (K 45 R V1
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Fig.6 The dependence of conductivity of ECSP on the fre-

quency under various temperatures
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Thermal Decomposition and Conductivity Characteristics of HAN-Based Electrically Controlled Solid
Propellants

BAO Li-rong'’, ZHANG Wei'*’, CHEN Yong-yi''>, Chen Su-hang'?, SHEN Rui-qi'”’>, YE Ying-hua'’

(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Institute of Space Propulsion, Nanjing
University of Science and Technology, Nanjing 210094, China; 3. Key Laboratory of Special Energy Materials, Ministry of Education , Nanjing University of
Science and Technology , Nanjing 210094, China)

Abstract: In order to realize the reliable ignition and clarify combustion control mechanism of hydroxylamine nitrate
(HAN )-based electrically controlled solid propellant (ECSP) , thermogravimetric-differential scanning calorimetry-mass spec-
trometry (TG-DSC-MS) and impedance-frequency scanning techniques have been used. The effects of thermal decomposition be-
havior, decomposition products, pressure and temperature on conductivity of ECSP were studied independently. The results
showed that compared with the pure HAN solution, the thermal stability of ECSP was improved. The initial decomposition tem-
perature was raised by 11 °C, whereas the peak temperature of exothermic peak was decreased by 24 °C with a broader exother-
mic temperature range. Combining the thermal decomposition behavior of ECSP with the mass spectrometry curves of the gas-
eous products, it could be concluded that the thermal decomposition process of HAN-based ECSP might be divided into three
steps: the thermal decomposition reaction of HAN, the interaction of the thermal decomposition products of HAN and the unde-
composed HAN with polyvinyl alcohol (PVA), and the thermal decomposition of the residue components in ECSP. The electron
conductivity of the ECSP was increased largely in the low frequency range (0—1000 Hz), but tended to be constant in the high
frequency range (greater than 1000 Hz) as the frequency increased. With the increase of the pressure and temperature, the elec-
tron conductivity of the ECSP was increased. By raising the temperature to 150 °C, the electron conductivity in the high frequen-
cy range was reduced by 2.92% compared with that obtained at 125 °C.

Key words: hydroxylamine nitrate (HAN) ; electrically controlled solid propellant(ECSP) ; thermal decomposition; electron con-
ductivity
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