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Table 1 Crystallographic data for energetic complex 1

parameter value
empirical formula C24H28CuN14
formula mass 576.14
T/K 153.15
VA 678.0(2)
crystal system triclinic
space group P1

alA 7.7253(15)
b/A 8.9251(18)
c/A 10.162(2)
a/(°) 79.68(3)
B/ 79.85(3)
v/ (°) 86.08(3)
V4 1
D./g-cm™ 1.411

w/ mm™ 0.848
F(000) 299

index ranges -10<h<10, —11<k<11, —13<I<13
R, wR,[1>=20(1)]

R,. wR,(all data)

R,=0.0598, wR,=0.1632
R,=0.0628, wR,=0.1677

®2 ALK S A
Table 2 Selected bond lengths and bond angles.

bond Length /A bond Angle / (°)

Cu(1)—N(1) 2.040(2)
Cu(1)—N(1)" 2.040(2)
Cu(1)—N(3) 2.017(2)
Cu(1)—N(3)" 2.017(2)
Cu(1)—N(5) 2.514(2)
Cu(1)—N(5)" 2.514(2)

N(1)—Cu(1)—N(1)" 180.00(12)
N(3)'—Cu(1)—N(1) 91.76(10)
N(3)—Cu(1)—N(1)" 91.76(10)
N(3)'—Cu(1)—N(1)" 88.24(10)
N(3)—Cu(1)—N(1)  88.24(10)
N(3)—Cu(1)—N(3)" 180

Note: '1-X,1-Y,1-Z

4 LAWY

Fig.4 Packing diagram of energetic complex 1
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Fig.5 DSC and TG-DTG curves of energetic complex 1
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Table 3  Physical and chemical properties of three energetic

complexes

complexes p/g-cm™ T /°C T,/ C I1S/) FS/N
1 1.411 93.5 199.4 >40 240

2 1.368 83.6 194.1 >40 240
3 1.455 124.0 201.6 >40 288

Note: p is density, T is melting point, T, is decomposition temperature, IS

is impact sensitivity and FS is friction sensitivity.
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Fig.6 DSC curves of AP pyrolysis catalyzed by three energet-
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HY R I K T . AP B TICIR I I IR B Ol 374.4 °C,
TRAFES AP+T  AP+2  AP+3 114 il 4 1 1 1 3L 1% 43 5
43 285.6 °C,287.7 °CH1293.6 °C., ML AP, In AB &
P 19 TR 5 R A e U 05 IR B 43 ) B T T 88.8 °C .
86.7 °C .80.8 °C. AN[] AP i i 443 ff 1k BE HE AR =
B34,

R 4 T APFES 5 i M RE R A S 4L
Table 4
AP samples

Parameters of thermal decomposition of different

sample T./°C T./C T,/ C Q/l)g" R/%
AP 307 440 436 782 0
AP+1 247 380 304 2458 214
AP+2 261 388 293 2147 175
AP+3 263 385 317 1943 148

Note: T, is initial decomposition temperature; T_is temperature at which de-
composition stops; T is temperature at the moment of maximum
weight loss rate; Q is apparent decomposition heat and R is growth

rate of Q of the sample relative to pure.
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Table 5 Peak temperatures and non-isothermal kinetic parameters of different AP samples

Kissinger’s method

Ozawa's method

samples B/ Kemin™ T,/°C
E/ kJ-mol™ Ig A I Eo/ kJ-mol™ o
5 354.0
10 374.4
AP 126.6 8.041 =0.991 130.6 -0.9923
15 380.4
20 389.2
5 266.6
10 285.6
AP+1 79.0 5.104 -0.9801 84.0 -0.9841
15 292.4
20 308.8
5 272.2
10 287.7
AP+2 107.1 7.842 -0.9617 110.7 -0.9674
15 290.0
20 304.1
5 272.7
10 293.6
AP+3 97.1 6.843 -0.9744 101.2 -0.9787
15 298.5
20 307.5

Note:

B is linear heating rate; T, is peak temperature of decomposition exothermic; E and £, areactivation energy obtained by Kissinger’s method and Ozawa's

method respectively; A is pre-exponential factor; r, and r, are linear correlation coefficient obtained by Kissinger’s method and Ozawa’s method respectively.

N R . [Cu(MIM),(AIM),](DCA), (1) 7E # A
AP 53 fiff HEFE 30 AP HA 43 fif AR i RTRE IR AP 44
3 ff 15 AL RE J7 T AH LE 2 RO ECAR SRR B A —
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EH -

MR TE 56 T AP Ak AL B B B 55 AT DL A

2 S A AR LA T DAL I OUTE A <6 Js i A 790 7 o fie i
(O e B I N G S TR NN TR - @ S TR N )
PRI, 32 v i AL AP SR .

F6 Al APEEM BRI 2

Table 6 Thermodynamic parameters of different AP samples

AG/k)-mol™ AS/)-K " -mol™  AH/kJ-mol™’
0, 4 BC S WA AR R o3 i B AR B 6 TR R A L D AP 177.28 -96.44 121.82
KRR A B P 2 5 AP AT A AT AP Hosy 15128 7495
N N - AP+2 152.21 -99.04 102.97
U H Oy ik AR LA B AR Y B A o AR T AR
- AP+3 150.73 -118.02 93.04
G RIS, SUBC A 45 Ja BE G W/ S A AL R0 I 7 A 4 N ; — . —
ote: AG is free energy of activation, AS is entropy of activation, AH is en-
JR A AL AR SRR . B T A () T A A 0 A thalpy of activation.
400 3000
@ ) T
2500 — 1204
350+ . £
© = 2000 1 2
£ 300 & 1500 1 2
£ a0 8100 3
500 g 5
200 0- 404+ . - -
AP AP+ AP+2  AP+3 AP AP+l AP+2 AP+3 AP AP+1  AP+2  AP+3
7 RIA AP RS B9 (a) 70 e it L (b) 23 fif iR & (o) 16 f BE
Fig.7 (a) Decomposition peak temperature, (b) Heat release and (c) Activation energy of different AP samples
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Synthesis, Structure of a New Energetic Complex [Cu(MIM),(AIM),](DCA), and its Catalysis on AP
Decomposition

ZHONG Ye', LI Ying*, WU Rui-qiang’, LI Zhi-min', ZHANG Jian-guo', ZHANG Tong-lai'
(1. State Key Laboratory of Explosion Science and Technology s Beijing Institute of Technology , Beijing 100081, China; 2. Shanxi North Xing'an Chemical
Industry Co., LTD., Taiyuan 030008, China)

Abstract: In order to explore the solid propellant combustion catalyst, a new type of bi-ligand containing energy complex [Cu
(MIM),(AIM),](DCA), was synthesized from 1-methylimidazole (MIM), 1-allyl imidazole (AIM), copper nitrate and NaDCA,
and its structure was characterized by infrared spectroscopy, X-ray single crystal diffraction and powder diffraction. The thermal
decomposition process of the energetic complex was analyzed by DSC and TGA. Within the temperature range of 40-500 °C,
there is a melting peak (peak temperature is 93.5 °C) and an exothermic decomposition peak (peak temperature is 199.4 °C) in
DSC curve. The sensitivity test of the complex shows that the friction sensitivity and impact sensitivity are low and the operation
process is safe. Comparing the bi-ligand [ Cu(MIM),(AIM),](DCA), with [Cu(MIM),]1(DCA), and [Cu(AIM),](DCA), cataly-
ses on the thermal decomposition of AP, the results show that the bi-ligand complex has better catalytic effect, which advanced
the exothermic peak temperature of AP by 88.8 °C, increased the heat release from 782 J-g™' to 2458 J-g™', and lowered the ther-
mal decomposition activation energy by 47.1 KJ-mol™, implying the potential application as a composite propellant catalyst .
Key words: energetic complex;solid propellant;combustion catalyst;ammonium perchlorate ;thermal decomposition

CLC number: TJ55; 063 Document code: A DOI: 10.11943/CJEM2021016

(Tid: £ )

Chinese Journal of Energetic Materials, Vol.29, No.6, 2021 (501-508) A A AL www.energetic-materials.org.cn



