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Table 1 The formulations, components and their enthalpies of formation of six blue light pyrotechnic compositions
. AH; formulations

component chemical formula N - kg_] I T 37 - o o
ammonium perchlorate NH,CIO, -2521.00 74.2 70 70
copper Cu 0 11.1 15
copper( I ) carbonate, basic (azurite) 2CuCO; - Cu(OH), -5014.97 19 5
copper( I ) carbonate, basic ( malachite) CuCO, - Cu(OH), -4828.05 5
copper( I ) chloride CuCl -1571.72 10 10
dextrin CeH,0 O -5854.32 5
hexamethylene tetramine CeH,N, 895. 40 15
magnesium Mg 0 15
paraffin wax CyoHys —2420. 40 3.7
polyvinyl chloride (C,yH,Cl) -1505. 60 17
potassium chlorate KCIO, -3192.20 63 65
potassium perchlorate KCIO, -3121.70 68
shellac CeHg 6O ¢ -4104. 48 3 10
starch CeH,0O5 -5854.32 5
stearic acid ( stearin) CigH3 0O, -3335.90 11.1
sulfurs S 0 18 17

R 2 ORI KT 2 S HY REAL TR 45

Table 2 Calculation results of the thermodynamic parameters of six blue light pyrotechnic compositions by REAL program

formulations T/K H s v Ve
REAL NASA-CEA /k) - kg™ /k) - kg™ - KT /k) - kg™ /m? - kg™

1 1651 1661 -2964 4.51091 -3072 1.66195
2 1939 1898 -2605 5.19186 -2856 2.50079
3 2256 2253 -2328 10.75351 -3069 7.41227
4 2381 2372 -2544 6.49406 -2954 4.09796
5 2503 2499 -2077 10. 65141 -2867 7.89022
6 2880 2888 -2416 9.93241 -3190 7.73608

Note: T is the combustion temperature; H is the enthalpy of reaction; S is the entropy of reaction; U is the thermodynamic energy; Vg is the volume of gas product.
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Table 3

six blue light pyrotechnic compositions

The photon numbers emitted by the combustion of

formulations T/K H/K) - kg™ n/mol - kg™’
1 1651 -2964 0.0435

2 1939 -2605 0.03255

3 2256 —2328 0.025

4 2381 —2544 0.02589

5 2503 -2077 0.02011

6 2880 —2416 0.02033

Note: T is the combustion temperature; H is the enthalpy of reaction; n is the

photon number.
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Table 4 The gas phase equilibrium products of six blue light pyrotechnic compositions mol - kg™’
formulations CuCl Cu, Cly CuO CuOH Cu Cl
1 0.032837 0.013119 <0.000005 <0.000005 0.000019 0.000184
2 0.066912 0.000360 0.000028 0.000047 0.001519 0.000330
3 0.125318 <0.000005 0.000007 0.00008 0.026585 0.002449
4* 0.170213 0.000012 0.000404 0.000401 0.028411 0.004686
5* 0.068495 0.000296 0.000031 0.000091 0.019364 0.012957
6" 0.015658 <0.000005 0.000125 0.000095 0.018171 0.029279
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Table 5

formulation No. 1 of blue light pyrotechnic compositions

The combustion temperature and CuCl content for

formulations  2CuCO; - Cu(OH),  KCIO, T cud 4
/mol - kg
1-1 13 69 1591 0.019636
1-2 15 67 1609 0.023445
1-3 17 65 1630 0.027804
1-4 19 63 1651 0.032837
1-5 21 61 1647 0.031887
1-6 23 59 1642 0.030804

Chinese Journal of Energetic Materials, Vol. 26, No.5, 2018 (432-435)

HH3R 5 A L, 7R B E R & 5 18%, HgE KCIO, #1 S
PRSI WO KB )T 1 TR B IR B 1651 K
i, 42 CuCl #8511k 5% 22,y 0.032837 mol - kg™, fit LA
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Thermodynamic Research on Six Kinds of Blue Light Pyrotechnic Compositions

BA Shu-hong, JIANG Da-gian, WANG Shu-tao
(School of Equipment Engineering, Shenyang Ligong University, Shenyang 110159, China)

Abstract. To compare the luminescence effect of different blue light pyrotechnic compositions and explore the new method of opti-
mal design of formulations, the thermodynamic study on six kinds of blue light pyrotechnic compositions was carried out by REAL
thermodynamic program. The relationship among the enthalpy of combustion reaction, flame temperature and emitted photon
numbers of blue light pyrotechnic compositions was established. The formulation and proportion of blue light pyrotechnic compo-
sitions was optimized and selected based on the combustion flame temperature and photon numbers of emitted blue light obtained
by calculation. Results show that the combustion temperatures of six kinds of blue light pyrotechnic compositions are
1651-2880 K, which is in accordance with the results calculated by NASA-CEA program. The photon numbers emitted at the
maximum wavelenght are 0.02011-0. 0435 mol - kg™' and the major emitter that produces blue flame is CuCl. With the help of
the relationship among the enthalpy of combustion reaction, flame temperature and emitted photon numbers of blue light pyrotech-
nic compositions, the combustion temperature of the blue light pyrotechnic composites containing KCIO,, 2CuCO, - Cu(OH),
and S is 1651 K. The emitted photon number is 0. 0435 mol - kg™'. The emitted effect of blue light is better in the six kinds of for-
mulations. The optimal proportion of the formulation is KCIO,/2CuCO, - Cu(OH),/S=63/19/18. It provides a new method for
the design and optimization of the other light pyrotechnic compositions.

Key words: pyrotechnic composites; blue light; emitter; thermodynamic parameter
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