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Table 1 Component and proportion of the samples
N oxidizer sulfur aluminum  CNTs" adding
o /% /% powder/ % /% method
1 KClO,,49.02  27.45 21.57 1.9¢ Acetone-mixing
method
2 KClO,,49.02  27.45 21.57 1.gp  Water-miing
method
3 KCl0, ,50.00 28.00 22.00 - -
4 KNO,,49.02  27.45 21,57 1.9¢ Ocetone-mixing
) method
5 KNO,,49.63  27.45 21.57 1.9p ~ Water-mixing
method
6 KNO;,50.00 28.00 22.00 - -

Note: 1) CNTs is the quality of oxidizer by 4% 1.
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Table

Test parameters by ARC and mass of the samples

No. mass of samples/g mass of bombs/g  start temperature/°C limit temperature/C exothermal threshold/°C + min ™' temperature increment/°C
1 0.5258 10.4396 250 425 0.02 10
2 0.5284 10. 4281 250 425 0.02 10
3 0.3777 10. 4396 250 425 0.02 10
4 0.5200 10. 4396 250 425 0.02 10
5 0.5316 10.4281 250 425 0.02 10
6 0.5129 10. 4396 250 425 0.02 10
4 BREITHR )
FA (1) Fros
A1 AL RTIE A 25 B a7 _ o da ()
Sv. Y N TR NN - ad 1,
R ARC 438706 45 A RE i JEF T L 7T 1 45 3R de di

ol E L T 3 R ] A A A 2 5ROl B
Ty HEHIRTE AT, I K TR m, K335 5 KR T
AT ] 0, S SN O T SR fL R L1
AT 725 3 122 25

F RN AR AL fiy RO R S
Bz—.

TE 2 TR ZE Fp A it 110 3L 71 T 25 g 7 3 3R 1) 5

550 )
500 1
o 450
S 400
2 350 s
g 300
2250
0 100 200 300 400 500 600 700 800 900 1000 1100
time / min
P15 i SR B A AR K 24 ) T - 1R i £
Fig.1 Curves of temperature vs time of pyrotechnics
with potassium perchlorate
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Fig.3 Curves of temperature vs time of pyrotechnics

with potassium nitrate
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Table 3 Test data of pyrotechnics with KC10,/CNTs

CNTs
parameters acetone-mixing water-mixing no catalyst
method method

T, ./C 359.9 371.2 310.2
mg ,/C+ min "' 0.03 0.02 0.03
T, ./ C 478.9 550.3 368.3
AT, /C 119.0 179. 1 58.2
m,, /°C + min~"' 470. 88 1470. 87 115.76
6,,/min 65.94 52.20 119.95
T,./C 4444 491.0 355.3
Pu./MPa - g 0.58 0.68 1.20

Note: T, , is onset temperature, m,  is onset temperature rate, T _ is
final temperature, AT, . is adiabatic temperature rise,m, _ is maximal tem-
perature rate,f, is time to maximal rate, T _ is temperature at maximal rate,

Pum.s is maximal pressure per gram. The note of the following Table is the
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Table 4 Apparent kinetic parameters and fitting coefficients

of pyrotechnics with KC10,/CNTs

catalyst CNTs

acetone-mixing  water-mixing 1o catalyst

mixing methods

method method
E,/k] + mol ™! 431.3 378.9 540.4
A/min ™! 2.7 x10% 5.8x107 1.6 x10%
fitting coefficient 0.945 0.986 0.975
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Table 5 Correcting results of test data of pyrotechnics

with KCIO,/CNTs

CNTs

parameters acetone-mixing water-mixing no catalyst

method method
® 1.1383 1.1376 1.3953
Ty/C 359.6 370.8 309.7
T./C 495.1 574.5 390.9
AT,/ C 135.5 203.8 81.2
m,, /C + min~' 3.96 8.21 1.98
6,,/min 65.82 52.09 119.57
T, ./C 455.8 507.1 372.7
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Table 6 Test data of pyrotechnics with KNO,/CNTs

CNTs
parameters acetone-mixing water-mixing no catalyst
method method

T, ./C 279.7 280.4 280.9
mg ,/°C+ min "' 0.06 0.03 0.05
T, ./C 379.7 489.5 414.7
AT, ./C 100.0 209. 1 133.8
my, /°C + min~' 377.66 1781.02 757.08
6,,/min 129.12 142.08 159.32
T,./C 336.9 402.2 362.7
Pu/MPa - g 0.93 0.71 0.64
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Table 7 Apparent kinetic parameters and fitting coefficients

of pyrotechnics with KNO,/CNTs

catalyst CNTs

acetone-mixing  water-mixing 1o catalyst

mixing methods

method method
E./k] - mol ™! 393.0 332.9 362.6
A/min ! 7.2 x10% 7.0x107 4.9 x10%
fitting coefficient 0.945 0.986 0.975
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Table 8 Correcting results of test data of pyrotechnics

with KNO,/CNTs

CNTs
parameters acetone-mixing water-mixing no catalyst
method method
@ 1.1397 1.1366 1.1416
T,/C 279.5 280.2 280.7
T./%C 393.5 517.8 433.5
AT, /C 114.0 237.7 152.8
my, /C + min ™' 3.78 8.52 5.66
6,,/min 128.92 141.83 159.05
r,./<C 344.7 418.5 374.0
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Catalytic Effect of Carbon Nanotubes on Pyrotechnics

QIAN Xin-ming', DENG Nan', WEI Si-fan', LI Zeng-yi’

(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China;

2. Beijing Municipal Supervisory and Inspecting Station of Quality for Fireworks and Firecrackers, Beijing 100095, China)

Abstract ; Carbon nanotubes (CNTs) were added into pyrotechnics with potassium perchlorate and potassium nitrate by water-mixing

method and acetone-mixing method. And accelerating rate calorimeter( ARC) was used to study catalysis for pyrotechnics with potas-

sium perchlorate and potassium nitrate adding CNTs. Results show that CNTs can catalyze pyrotechnics with potassium perchlorate

and potassium nitrate ,and the best adding method is water-mixing method. For the pyrotechnics with potassium perchlorate adding

CNTs by water-mixing method , the maximal reaction rate is 8.21 min~',which is 4. 15 times of pyrotechnics adding no catalyst; and

time to maximal rate is 52.09 min, which is 56.4% lower than that of pyrotechnics adding no catalyst. For the pyrotechnics with

potassium nitrate adding CNTs by water-mixing method , the maximal reaction rate is 8.52 min "' which is 1. 51 times of pyrotechnics

adding no catalyst; and time to maximal rate is 141. 83 min,which is 11.0% lower than that of pyrotechnics adding no catalyst.

Key words:safety engineering; carbon nanotubes( CNTs) ; potassium perchlorate; potassium nitrate; pyrotechnics; catalysis



