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Fig.1 X-ray diffraction pattern of the DAP sample and raw AP

3.2 FT-IREESHH
DAP Bt 5 5 JF0RF AP B9 2T 40 638 il 28 15 an & 2 B

Lo
1410.94

R
@
é 1042.32
?‘é
E 3278.78 141965
—AP
—DAP 1048.69

3500 3000 2500 2000 1500 1000
wavenumber / cm”?

BE 2 DAPFEG S ER AP 9 FT-IR B

Fig.2 FT-IR spectrumof the DAP sample and raw AP
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b. raw AP
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Fig.3 SEM images of the DAP sample and raw AP
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Fig.4 EDS spectrum of the DAP sample
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Fig.5 TG-DSC curve of DAP sample and raw AP
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Table 1 TG-DSC characteristic parameters of the DAP sample
B T, T, T, AH T, T; mass loss
/°C-min~" /°C /°C /°C /)-g! /C /1C /%
10 385 330 412 3157 334 411 87

Note: g is Heating-rate; T, is temperature of exothermic peak; T, is extrapo-
lated onset temperature; T, is extrapolate the termination tempera-
ture; AH is decomposition enthalpy; T, is initial temperature of mass

loss; T, is termination temperature of mass loss.

F2 JFELAP I TG-DSC FHIE S 4
Table 2 TG-DSC characteristic parameters of the raw AP

B Ty T, T, T, AH T T mass loss
/C-min”" /C /C /C /C /)g" /C [T /%
10 315 366 279 389 935.1 278 395 96

Note: g is Heating-rate; T is the first temperature of exothermic peak; T, is
the seconde temperature of exothermic peak; T is extrapolated onset
temperature; T, is extrapolate the termination temperature; AH is de-
composition enthalpy; T, is initial temperature of mass loss; T, is termi-

nation temperature of mass loss.
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a. DAP before hygroscopic b. DAP after hygroscopic

c.raw AP before hygroscopic

d. raw AP after hygroscopic
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Fig.6 Comparison of the morphology before and after the
moisture absorption of the DAP sample and raw AP (25 °C,
RH 60%)

’l 6c 5 & 6d ial LIFE H, JFORE AP BT B S 0 45 e
MG, 500 b B 0 8 AR TE 0 B AN [, T DAP A i
FEW IR S5 i (] 6a) 5 W 52 56 5 (18] 6b) |, g PR 5 8
BR, SCIRHT IS AT S S AR A 22 50 . 3 a4 o k)
R AP 5 DAP R 7R [A] 5 B2 2% 0 4 W itf 46
mE 7w, thE 70 A, % RH45% . RH60% .
RH75% RH90% M) 414 F , J5RE AP (1 W 5 22 43 5 o
0.524% .0.560 % .0.600% .0.576%, ifi DAP ¥ i iy
W 3 R AV N 0.046% . 0.044% , 0.040% . 0.060% , AP
F4) R 4 56 it I (0] f 154 o i B S8 38800, {EL D AP (14 1 2
Wi BT f1 385 fan G 2 36 AR R AR AR L FE R [WIE 4%
1~ DAP W 48 B S AR T AP, k2 U, 5k AP
W R AT B T W] W GE . S BT DAP AT LU AP IR
M0 R Ry 7E AP Y S /N5 R B 0T R, NH R
ClO, 3 & LU N JE 7 5 ClE 1 o0 (1 1F 7 1 1A F
Y IE DU TE AR B D9 A TS A 8 O R S H R
P, XM O T 5 HIE PR MBI, 5 52
H Y K 531 A O Y LS T D AP JRURR 9 43 5
PN TREE I N e o L G S T L N A I E S SR
B A B AR AN T, [ AETE T 88 6] 9 P2 A 13 o8
g F iR NH, R ClO,  HEZ A8 153 5%, i 15 NH,™ A
ClO, iy HIEF 5 O i FRME P 5 25 b K o T %
A AN, BT Z IR R S AP R T 1 2
FUBR 45 # 3% A H BLAE DAP Y 2 1, 8 6 40 4 FH /D

Chinese Journal of Energetic Materials, Vol.28, No.6, 2020 (539-543)

06
AP
%i
- 0.5+ ?l/
3 04t /
a p4
g 03 —a—RH 45%
& —e—RH 60%
> 02F
= —+—RH 75%
01 F —v—RH 90%
00 1 1 1 1 1 1 L 1
0 12 24 36 48
time /h
a. raw AP
0.06 - R
DAP v
0.05 | //
__é—- 004 I~ "___———__‘:‘-—/"______—A
S 003t = .
§ —=—RH 45%
> 0.02 - —e—RH 60%
= 00t L —+—RH 75%
’ —»—RH 90%
000 1 1 1 1
0 12 24 36 48
time/h
b. DAP

7 ORIFEIFEXT R EE £ T DAPFE G 5 E0RE AP (YW il 28
Fig.7 Hygroscopic curves of the DAP samples and raw AP

under different relative humidity conditions
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Synthesis, Characterization and Hygroscopicity Testing of Molecular Perovskite Energetic Materials

LI Zong-you, CAO Xiong, LI Xiao-xia, JIA Qi, ZHANG Shi-qi
(School of Environment and Safety Engineering , North University of China, Taiyuan 030051, China)

Abstract: New energetic materials with molecular perovskite structure (H,dabco[ NH,(ClO,),](DAP, dabco =N (CH,CH,) ,N)
were prepared from ammonium perchlorate, 1, 4-diazoxane[ 2.2.2 Joctane and perchloricacid, and its crystal structure and mor-
phology were characterized by X-ray diffraction (XRD), fourier transform infrared spectroscopy (FT-IR), scanning electron mi-
croscope (SEM) and energy dispersive X-ray spectroscopy(EDS). The thermal decomposition properties of the DAP and AP were
studied by thermo gravimetric (TG) and differential scanning calorimetry (DSC). And the hygroscopicity of DAP and AP was
measured by weight gain method. Results show that DAP is a new crystal different from AP in structure and morphology. It exhib-
ited the exothermic peak temperature of 385 °C and apparent decomposition heat of 3157 J-g™'.Compared with the AP after the
recrystallization, the exothermic peak temperature delayed 19 °C, apparent decomposition heat increased by 2221.9 J-g™". The
hygroscopicity of AP is determined to be 0.560%, while the hygroscopicity of (H,dabco)[NH,(CIO,),] is only 0.044%, indicat-
ing that this method effectively reduce the hygroscopicity of AP.

Key words: molecular perovskite;ammonium perchlorate ; preparation;characterization ;thermal analysis; hygroscopic
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