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Table 1 Table of materials and compositions of fireworks
Sample Manufactory

Thick cascade composition Daido Kakou
Thin cascade composition Daido Kakou
Cascade composition | JPA® Inspection Section
Cascade composition 2 JPA Inspection Section
Cascade composition 3 Sansyu Kakou
B/P**(mealed powder for fireworks) Nippon Kayaku
B/P (fine grain powder) Nippon Kayaku
B/C***(for large shell Warimono) Nakanihon Kakou
B/C(for medium shell Warimono) Marutamaya Ogatsu Enkaten
B/C(for large shell Poka) Marutamaya Ogatsu Enkaten
Thunder composition 1 JPA, Inspection Section
Thunder composition 2 JPA Inspection Section
Yellow star(¢13) Yamazaki Enka,made in China
Violet star(¢ 9) Yamazaki Enka,made in China
Silver star(g 9) Yamazaki Enka,made in China
Al(flake fine) Sansyu Kaoku
Al(flake fine) Daiichi Yakuhin Kogyo
Al(atomized) Toyo Arumi
Al(reagent) Wako Jyunyaku Kogyo
Al(flake coarse) Sansyu Kakou
Mg(P100) Dasiichi Yakuhin Kogyo
Mg (reagent) Jyunsei Kagaku
S Sansyu Kakou
As,S, DaiichiYakuhin Kogyo
Sb,S; Kuze Enka
*Japan Pyrotechnics Association
**Black powder
***Bursting charge
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Table 2 Mixing ratio of fireworks compositions

( 1) Cascade composition 1 Weight ratio(wt?%)
KClO, 55.0
Al(flake coarse) 36.0
Al(flake fine) 9.0

(2) Cascade composition 2
KCl0, 55.0
Al(flake coarse) 36.0
Al(flake fine) 9.0
S (additional percent) 7.0

(3) Cascade composition 3
KClO, 37.0
Ba(NO;), 7.0
Al(flake coarse) 12.0
Al(coarse) 27.0
Al(flake fine) 10.0
S 7.0

(4) B/P(mealed powder for fireworks)

KNO, 74.0
Charcoal 16.0
S 10.0

(5) B/P(fine grain powder)

KNO, 74.0
Charcoal 16.0
S 10.0
(6) Bursting charge® (for large shell Warimono)
KCIO 56.2
KNO, 18.8
Hemp coal 22.5
Glutinous rice starch 2.5
(7 ) Bursting charge* (for medium shell Warimono)
KCl0, 54.9
KNO, 16.5
Ba(NO;), 2.7
Hemp coal 22.0
Glutinous rice starch 3.9
(8) Bursting charge® (for large shell Poka)
KNO, 73.5
Hemp coal 14.7
S 7.4
Glutinous rice starch 4.4

(9) Thunder composition 1

KCl0,
Al(flake fine)
S ,

(10) Thunder composition 2
KClO, 71.4
Al{flake fine) 21.4
S 7.2

— 42 —

*Cotton seeds are excluded from the total weight of the bursting chage.
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Table 3 Criteria for classification of electic spark

sensitivity
Electric spark -
energy(J) Criteria Type
<0.001 more sensitive A
0.001~0.45 sensitive B
>0.45 less sensitive o
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Table 4 Electric spark sensitivity for materials and compositions of fireworks by Hosoya Kakou apparatus

Probability of ignition MIE*(J)| Type
Sample Ignition energy(J)
0.10 0.21 0.31 0.46 1.05 2.01 4.52 10.5 15.2 20.7

Thick cascade composition 0/2 0/3 1/3 2/3 2.0 C
Thin cascade composition 0/3 o/1 1/1 11| 15.2 D
Cascade composition 1 0/3 0/1 0/1 1/1| 20.7 D
Cascade composition 2 0/3 0/1 0/3 1/3 4.5 C
Cascade composition 3 0/3 o/1 11 121 15.2 D
B/P**(mealed powder for fireworks) 0/3 0/3 1/1 121 2.0 C
B/P(fine grain powder) 0/3 0/2 1/2 1)1 2.0 C
B/C***(for large shell Warimono) 0/3 0/3 1/1 1/1 2.0 C
B/C(for medium shell Warimono) 0/3 0/3 1/1 1/1 2.0 C
B/C(for large shell Poka) 0/3 2/3 1/1 1/1 1.1 C
Thunder composition 1 0/3 1/3 1/1 1/} 11 0.21 B
Thunder composition 2 0/3 0/3 111 /1 0.46 B
Yellow star(¢$13) 0/3 0/3 1/1 3/3 2.0 C
Violet star(¢ 9) 0/3 0/3 1/2 3/3 2.0 C
Silver star(¢ 9) 0/3 3/3 11 1.1 C
Al(flake fine) 0/3 >4.5 D
Al(flake fine) 0/3 >4.5 D
Al(atomized) - >4.5 D
Al(reagent)- - >4.5 D
Al(flake coarse) 0/3 >4.5 D
Mg(P100) 0/3 >4.5 D
Mg reagent) 0/3 >4.5 D
S 0/3 1/3 4.5 Cc
As,S, 0/3 >45| D
Sb, S, , 0/3 >45| D

*Minimum Ignition Energy

**Black powder

***Bursting charge
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Table 5 Electric spark sensitivity for fireworks compositions by Chugoku Kayaku apparatus

Probability of ignition MIE*(J) Type

Sample Ignition energy (J) ’
0.06 0.12 0.21 0.26 0.52 1.03 2.10 4.56

Thick cascade composition 0/3 3/3 1.03
B/P(mealed powder for fireworks) 0/3 3/3 1.03
B/C**(for large shell Poka) 0/3 3/3 1.03
Thunder composition 1 0/3 3/3 2/3 0.21 |loose charge
Thunder composition 1 0/3 3/3 0.21 | tight charge
Thunder composition 2 0/3 2/3 33 0.21
Thunder composition 2 0/1 0/1 0/2] >4.6 |withresistance
Thunder composition 2 0/3 1/3 3/3 0.12 |opentype
Violet star(¢ 9) 0/3 2/3 1.03
Silver star(¢ 9) 0/3 2/3 11 0.52

*Minimum Ignition Energy
**Bursting charge

1

log of MIE (Chugoku Kayaku)

0
log of MIE (Hosoya Kako)

Fig. 6 Comparison of Minimum
Ignition Energy (MIE)
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Electric spark sensitivity for materials and compositions of fireworks

by Toshio MATSUZAWA*, MamoruITOH**, Mitsuru ARAI**, Syuji HATANAKA***
Akira MIYAHARA®***, Masamitsu TAMURA** and Hideyo OSADA****

We have carried out electric spark sensitivity tests for the materials and compositions
of fireworks to obtain some information on their sensitivities.

As a result by using two apparatus, thunder composition 1 and 2 were sensitive and
their minimum ignition energy were about 200mJ. As electrostatic energy of a human
body is knowntobe 5~ 6 mJ, we can say that there would be less possibility for ignition
due to the materials and compositions of fireworks.

We can also say that there is a good correlation between two apparatus.

(*Explosives & Catalysts Division, Nippon Kayaku Co.,Ltd., 1—2—1

Marunouchi , Chiyoda-ku, Tokyo 100, Japan
**Department of Reaction Chemistry, Faculty of Engineering, The Universi-
ty of Tokyo, 7—3—1 Hongo, Bunkyo-ku, Tokyo 113, Japan
***Inspection Center of Toy Fireworks, Japan Byrotechnics Association, 18—
17 Kichijyo, Ishimakinishigawa-cho, Toyohashi, Aichi 441—11, Japan
****Emeritus Professor , Kyusyu Institute of Technology 2 —30—1,
Takaishi, Asao-ku, Kawasaki, Kanagawa 215, Japan)
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