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Table 1 Comparison of the impact sensitivity results and the

friction sensitivity ones of ANPyO and Pb-ANPyO
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Fig.5 TG-DSC curve of Pb-ANPyO at a heating rate 10 °C - min™
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Fig.6 DSC curves of Pb-ANPyO at the different heating rate
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Table 2 Kinetic parameters for nonisothermal thermal decomposition reaction of Pb-ANPyO
B/°C - min™! T,/K E./k) - mol™ In(A/s™) R Ey /K - mol™ s
2.5 586.15
5 597.38
202.42 15.49 0.9915 201.95 0.9922
10 605.77
15 611.54

Note: g is heating rate, T is peak temperature of DSC curve, Eyis apparent activation energy calculated by Kissinger method, Eq is apparent activation energy calcu-

lated Ozawa method, Ay is pre-exponential factor, R%

%3 Pb-ANPyO i #o itk [ i 1 IF 489 3 71 % S 4L
Table 3

, r are linear correlation coefficient.

Nonisothermal reaction kinetic parameters for the exothermic decomposition reaction of Pb-ANPyO

T/K E, 3
a/% e - - C -1 '20 -1
B=15°C - min™"  B=10°C - min™  B=5°C - min™' B=2.5°C - min™' /kJ - mol /k) - mol

14 583.2 577.9 564.6 558.7 176.5 0.9648

16 589.6 584.4 573.7 565.7 193.5 0.9959

18 594.1 589.4 579.9 570.8 203.8 0.9985

20 597.9 593.2 584.3 574.5 207.3 0.9962

22 601.3 596.2 587.5 577.4 205.7 0.9964 197.40
24 604.7 599.4 590.0 579.8 199.5 0.9979

26 607.7 603.0 592.1 582.3 193.5 0.9967

28 610.6 605.3 594.4 584.8 192.9 0.9984

30 614.2 607.7 596.7 587.4 189.5 0.9987

Note: E, is apparent activation energy calculated by Ozawa method, E is average value of apparent activation energy calculated by Ozawa method.

Chinese Journal of Energetic Materials, Vol.24, No.12, 2016 (1161-1167)
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Table 4
parameters for the thermal decomposition of Pb-ANPyO and
ANPyO

Comparison of thermodynamic and thermal safety

T -y i * T T.
compound  *? a5 5 5 AH = AG B bpo SADT

/K /) +mol™ « K™ /kJ - mol™ /kJ - mol™ /K /K
Pb-ANPyO 572.5 149.5 197.7 112.1 586.6 572.4
ANPyO 620.8 413.8 290.4 33.5 632.0 620.8
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Safety Properties and Non-isothermal Kinetics of Energetic Pb( I ) Complex of ANPyO

CHENG lJian', LIU Zu-liang’, LI Zhen-ming', WANG Ming-xian®, LI Li-xia’, XU Zhi-xiang*, ZHAO Feng-qi’, XU Si-yu’,
HAO Yao-gang®, SU Hong-ping®

(1. Department of Safety Science and Engineering, Zhejiang University of Technology, Hangzhou 310014, China; 2. School of Chemical Engineering, Nanjing
University of Science and Technology, Nanjing 210094, China; 3. School of Environment and Safety Engineering, Jiangsu University, Zhenjiang, Jiangsu
212013, China; 4. School of Energy and Power Engineering , Jiangsu University, Zhenjiang 212013, China; 5. Xi'an Modern Chemisiry Research Institute,
Xi'an, 710065, China; 6. Research institute of Gansu Yinguang Chemical Industry Group, Baiyin, 730900, China)

Abstract: To improve the energy levels of of energetic Pb(Il) complex of 2,6-diamino-3,5-dinitropyridine-1-oxide [ ANPyO Pb(Il) | and
obtain the safety and thermal decomposition characteristic parameters of ANPyO Pb( I ), energetic complex ANPyO Pb( Il ) was
synthesized using ANPyO and lead acetate as raw materials, N, N-dimethylformamide( DMF) as solvent. Its structure was charac-
terized by infrared (IR) spectroscopy, elemental analysis and X-ray photoelectron spectroscopy ( XPS). Its impact sensitivity and
friction sensitivity were tested. The thermal decomposition behavior of the complex was studied by differential scanning calorime-
try-thermogravimetry ( DSC-TG) at the different heating rate, the apparent activation energy and thermodynamic parameters for
thermal decomposition reaction of the complex,and thermal safety parameters of the complex were calculated by Kissinger’s for-
mula, Ozawa's formula, thermodynamic reaction formula and Zhang-Hu-Xie-Li formula, respectively. The results show that the
molecular formula of the complex is Pb(C,H,N,O; ). Impact and friction sensitivity of the complex are 238 cm and 0, respective-
ly. The thermal decomposition process of ANPyO Pb( Il ) in the temperature range of 25-500 °C consists of one endothermic
melting peak and one exothermic decomposition peak, corresponding peak temperatures are 265.0 °C and 332.6 °C. The appar-
ent activation energy for the thermal decomposition reaction of Pb-ANPyO obtained by Kissinger method and Ozawa method is
202.42 kJ - mol™ and 197.40 kJ - mol™", respectively. The entropy of activation, enthalpy of activation, free energy of activation
of the exothermic decomposition reaction are 149.5, 197.7 kJ - mol™ and 112.1 kJ - mol™, the critical temperature of thermal
explosion and self-accelerating decomposition temperature of the complex are 586.6 K and 572.4 K, respectively.

Key words: Pb( Il ) complex of ANPyO; mechanical sensitivity ; non-isothermal thermal decomposition reaction kinetics; thermo-
dynamics; thermal safety
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