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Catalysis of transition metal oxides for pyrotechnical reagent

QIAN Xinming, DENG Nan, WEI Sifan
(State Key Laboratory of Explosion Science and Technology . Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to improve the reaction rate of pyrotechnical reagent, transition metal oxides (TMO),
Fe,O; and CuO, were added into potassium perchlorate and potassium nitrate respectively by mixing and
crystallization methods. Accelerating rate calorimeter (ARC) was used to study the catalytic behavior of
TMO. Results illustrated that Fe,O; can catalyze pyrotechnical reagent with potassium perchlorate, and
the addition is better with crystallization method. The maximal reaction rate of pyrotechnical reagent with
potassium perchlorate added with Fe, O, by crystallization method is 8. 10 min ', which is 4. 09 times of
that without catalyst. The time to maximal rate is 8. 52 min, which is lower than that without catalyst by
92.8%. It was also found that CuO can catalyze pyrotechnical reagent with potassium nitrate, and the
addition is better with mixing method. The maximal reaction rate of pyrotechnical reagent with potassium
nitrate added with CuO by mixing method is 7. 38 min ', which is 1. 30 times of that without catalyst.

The time to maximal rate is 53. 55 min, which is lower than that without catalyst by 66. 3%.
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Table 1 Component and proportion of samples

Aluminum

N Oxidizer Sulfur d Catalyst® Adding
o. owder
/% % /% method
1 49.63 27.79 21. 84 0.74 mixing
(KCIOp) (Fe;O3)
2 49. 63 27.79  21.84 0.74 crystallization
(KCIOp) (Fe; 03)
3 50. 00 28. 00 22.00 — —
(KClOp)
4 49.63 27.79 21. 84 0. 74 mixing
(KNO3) (Cu0)
5 49.63 27.79  21.84 0.74  crystallization
(KNO3) (CuO)
6 50. 00 28.00 22.00 — —
(KNO3)

@ Quality of oxidizer by 1. 5%,

B 1 Fe,0;/KCIO, & &k T SEM [
Fig. 1 SEM image of Fe, O;/KClO, composite particles

K2 CuO/KNO; &5 k¥ SEM [
Fig. 2 SEM image of CuO/KNOQO; composite particles
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Table 2 Test parameter and mass of samples by ARC

Exoth 1 T
Mass of sample Mass of bomb Start temperature  Limit temperature xotherma l'emperature
No. , ; /C e threshold increment
'8 '8 /C + min~! /C
1 0.5144 10. 4396 250 425 0.02 10
2 0. 3401 10. 4281 250 425 0.02 10
3 0.3777 10. 4396 250 425 0.02 10
4 0.5023 10. 4396 250 425 0.02 10
5 0.5108 10. 4281 250 425 0.02 10
6 0.5129 10. 4396 250 425 0.02 10
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pyrotechnical reagent with potassium perchlorate
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Table 3 Test result of pyrotechnical reagent

with KCIO,/ Fe, O;

FCZ ()g
No
Parameter Mixing  Crystallization catalyst
method method
onset temperature, 319.59 329.63 310. 16
To./ C
onset temperature rate, 0. 04 0.16 0.03
mo.s/ C « min~!
final temperature, 473. 21 481. 44 368. 34
T/ C
adiabatic temperature rise, 153. 62 151. 81 58.18
AT/ C
maximal temperature rate, 1044. 05 1223. 34 115.76
Mm.s/ C » min !
time to maximal rate, 26.99 8.56 119. 95
Ou,, /min
temperature at maximal rate, 418. 81 422.58 355. 32
Tw.s/C
maximal pressure per gram, 0. 89 0. 95 1. 20
Pm.s/MPa » g1

x4 SEBRA/EURERNGHRUINFSEH
Table 4 Apparent Kinetic parameters of

pyrotechnical reagent with KCIO, /Fe,O;

Feg()g
No
Parameter Mixing Crystallization catalyst
method method
E./kJ] + mol ! 322.98 315.91 540. 42
A/min ! 5. 77X 10% 2.45X10% 1.61X10%
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Table 5 Correcting result of pyrotechnical

reagent with KCl0,/ Fe, O,

Fez ()3
No
Parameter Mixing  Crystallization catalyst
method method
thermal dilution factor,¢ 1.1414 1.2138 1. 3953
onset temperature, T/ C 319. 25 329.07 309. 67
final temperature, T/ C 494. 59 513. 34 390. 87
adiabatic temperature rise, 175. 34 184. 26 81.21
AT,/ C
maximal reaction 6. 82 8. 10 1.98
rate/min !
time to maximal rate, 27.11 8.52 119. 57
O,y /min
temperature at maximal rate, 432. 49 441. 89 372. 68

Tw.s/C
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Table 6 Test result of pyrotechnical
reagent with KNO; /CuO

CuO
No
Parameter Mixing  Crystallization catalyst
method method
onset temperature, Ty,,/ C 300. 55 290. 12 280. 92
onset temperature rate, 0.02 0.03 0.05
mo,s/ C » min !
final temperature, T,/ C 443.71 406. 08 414.74
adiabatic temperature rise, 143.16 97.62 133. 81
AT,/ C
maximal temperature rate, 1055. 82 625. 55 757.08
Mm.s/ C ¢« min~!
time to maximal rate, 53.63 127.97 159. 32
6’“m.< /min
temperature at maximal rate, 369. 61 350. 38 362.67
Tw./C
maximal pressure per gram, 0. 81 0.72 0. 64

Pm.s/MPa+ g1

x7T WHWBRHE/ESLHBNATRUDNESH
Table 7 Apparent Kinetic parameters of

pyrotechnical reagent with KNO; /CuO

CuO
No
Parameter Mixing  Crystallization catalyst
method method
E./kJ + mol™! 442.01 480. 33 362.63
A/min"! 2.39X10%7  3.07X10%" 4. 94X 10%

x8 WERHE/AUEENATREFENRESR
Table 8 Correcting result of pyrotechnical

reagent with KNO; /CuO

CuO
No
Parameter Mixing  Crystallization catalyst
method method
thermal dilution factor,$ 1. 1408 1. 1411 1. 1416
onset temperature, T/ C 300. 32 290. 01 280. 68
final temperature, Ty/ C 464. 21 419.75 433. 45
adiabatic temperature rise, 163. 89 111.51 152.77
AT/ C
maximal reaction 7.38 6. 45 5. 66
rate/min !
time to maximal rate, 53.55 127. 87 159. 05
O, /min
temperature at maximal rate, 379. 38 356. 12 374.01

Tw.s/ C
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Table 9 Apparent kinetic parameters of pyrotechnical

reagent with KNQO; /CuO during different periods

CuO
. No
Period Parameter  Mixing  Crystallization a1yt
method method
slow temperature  300. 55 290.12 280. 92
decomposition range/ C 313.75 318. 90 319. 45
E./kJ] « mol™! 559.19 496. 74 559. 94
Ai/min~™!  5.22X10' 3.05X10" 7.14X10*
burning temperature 313. 75— 318. 90— 319. 45—
range/ C 443.71 406. 08 414.74
E.»/k] « mol™!  270.12 286. 10 385. 31
Ay /min~! 1.17X10% 3.51X10%* 3.06X10%
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