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Study on Effect of Aluminium Powder Particle Size on
Performance of CO, Phase Change Explosion Excitation Agents
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Abstract: To study the effect of aluminum powder particle size on the performance of CO, phase change explo-
sion exciters, the changes in the thermal decomposition characteristics, safety, temperature resistance, and reaction
heat were investigated by the calorimetric method ( TG ) , ignition test, temperature resistance test, and reaction heat
test. The results show that the thermal decomposition characteristics of the excitation agent did not change significant-
ly after adding 40 80 and 120 pm aluminum powders. However, the apparent activation energy of the activator was

significantly different. The apparent activation energy of the excitation agent containing 40 pm aluminum powder de-
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creased by 52.92 kJ/mol. Still, the apparent activation energy of the excitation agent containing 80 wm and 120 pm
aluminum powders increased by 55.21 and 57. 53 kJ/mol, respectively. After adding different particle sizes of alumi-
num powder, each sample can be ignited in the air,and the combustion process is accompanied by white smoke. A-
mong them, the excitation agent with 120pm aluminum powder burns more violently than that without aluminum pow-
der and that with 40 and 80pwm aluminum powder. The experimental results show that the excitation agents containing
different particle sizes of aluminum powder can be excited by the electric primer,but the sample is not completely ig-
nited. When these excitation agents are in a closed environment and under a certain pressure ( greater than or equal to
0.2 MPa) ,they can be reliably ignited without an obvious explosion phenomenon, indicating that their safety is good.
After holding at 70°C for 48 h,the overall excitation agent added with aluminum powder did not change significantly,
and the temperature index T, was about 70°C , indicating that its temperature resistance was good. When the mass per-

centage of aluminum powder with different particle sizes is the same, the increase in reaction heat is about 12% , indi-

2024 4E9 H

cating that the particle size has little effect on the reaction heat of the excitation agents.
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Table 1 Sample formulations of excitation agents

BEfL KCIO/% G H,0,/% CHN,0,/% FFpRiA%/ pm

1# 63.4 9.3 27.3

2# 62.3 7.0 26.7 40
3# 62.3 7.0 26.7 80
4# 62.3 7.0 26.7 120
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Fig. 1 Physical view of the exploding bunker
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Fig. 2 Sealed tube construction diagram
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Table 2 Sealing tube parameter table
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Fig. 3 Diagram of the calorimetric device
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Table 3 Experimental materials and conditions
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Fig. 4 TG curves of samples
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Table 4 Reaction temperatures at different heating rates and conversion rates
o/ %
B/(C + min~")
=T 10 20 30 40 50 60 70 80
1# 97.674 169.950 209.670 223.529 227.034 230.625 234.900 240.201
5 24# 117.082 177.180 200.700 211.559 218.057 222.930 226.863 230.198
3# 109.330 169.750 209.670 223.520 227.030 230.620 234.900 240.201
4# 96.730 167.18 190.270 200.188 206.510 211.300 215.400 219.590
1# 96.990 168.630 213.782 224.726 227.975 231.651 235.841 240.800
0 24 124.179 187.702 209.930 219.852 226.436 230.880 234.302 236.950
3# 150.170 168.630 213.782 224.720 227.970 231.650 235.840 240.800
4# 94.510 194.880 218.140 227.200 231.900 234.640 236.430 238.570
1# 90.474 166.928 181.036 218.570 226.090 229.770 233.276 237.038
s 24 131.104 193.430 213.269 222.840 29.080 233.270 235.840 238.260

3# 102.460 166.920 181.030 218.570 226.090 229.770 233.270 237.030
4# 84.160 198.390 221.390 230.180 234.470 237.120 239.260 241.560
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Fig. 5 DTG curves of samples
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Table 5 Kinetic parameters obtained by Ozawa method
1# 1# 1# 1#
/% P N LT 1y o N
E./(k] - mol™) P E,/(kJ - mol™") # E/(kJ - mol™) r  E/(k]+mol™) P
10 82.89 0.937 92.41 0.995 64.17 0.936 97.94 0.982
20 95.08 0.907 52.69 0. 896 82.37 0.971 126.74 0.998
30 77.03 0.927 57.85 0.867 107. 14 0.998 161.15 0.986
40 161.36 0.969 62.09 0.945 215.03 0.999 192.08 0.985
50 159. 84 0.957 67.57 0.934 282.59 0.998 193.98 0.979
60 151.35 0.962 74.65 0.865 276.01 0.998 209. 06 0.976
70 142.06 0.934 83.83 0.975 222.58 0. 866 227.23 0.954
80 135.24 0.923 90.32 0.965 196.59 0.934 256.92 0.950
average 125.60 72.68 180. 81 183.13
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Fig. 6 The agent is ignited in the tube
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Table 6 Experimental results of ignition of CO,

cracking tube are shown in table
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