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Table 1 Energetic properties of black powder(p =10 MPa)

elements T, H; e
o H N 0 S K /K /kJ - kg™ /k) - kg™
calculations ~ 9.987  3.324  7.413  23.925  3.125  7.423 2075 -4128 261.7
references™’  9.991  3.330  7.418  23.920 3.119  7.418 2081 -4142 257.0
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Fig.1 Curves of output properties vs. composition ratios

(content of sulfur is changeless)
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Fig.2  Curves of output properties vs. composition ratios

(content of charcoal is changeless)
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Table 2 Energetic properties comparison of compositions

combustion products/ % T, fp
co Co, N, S0,  Con. /K /kJ - kg™!
I 6.0 36.2 10.6 0.6 31.1 1709 253.0
Il 6.1 34.3 10.4 2.9 33.3 1753 252.0

note: Con. is condensed phase.
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Fig.3  p-t curves of two black powder compositions
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Design of the Ingredients of Black Powder
Based on the Least Free-energy Law

CUI Qing-zhong, JIAO Qing-jie
( National Key Laboratory of Prevention and Control of Explosion Disasters ,

Beijing Institute of Technology, Beijing 100081, China)

Abstract; In this paper,the equilibrium states of combustion products and their thermodynamic parame-
ters of different KNO,/S/charcoal compositions are calculated in least free-energy principle. Using reac-
tion kinetics theory,the simulated results and the mechanism of combustion were analyzed qualitatively.
Based on explosive temperature , powder force and products, low-polluted , low-eroded ingredients of black
powder were designed. An optimized black powder was compared with normal black powder in combus-
tion products and pressure histories.

Key words: physical chemistry; black powder; combustion; least free-energy ; ingredient; output property



