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Fig. 1 DTA and TG curves of PbsOs, Mg/Al and mix-

ture of Pb30, and Mg/Al in air

Sample weight;10xg, heating rate;10°C /min.
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Fig. 2 DTA and TG curves of CuO and mixture of

CuO and Mg/Al in air

Sample weight;10ng, heating rate;10°C /min.
a)CuO b)CuO:Mg/Al=1:1(by wt.)
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Fig. 3

Measurment of melting point by hot ther-
mocouple ,
Sample; CuO-NiO mixture (80/20 by wt.),
Temperature;a)at room temp., b)melting
point, 1140C, c)quenching of (b), d)after

quenching
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Fig. 4 Melting point of CuO-NiO mixtures
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Fig. 5 DTA and TG curves of the mixtures of (a)
CuO and NiO, and (b) CuO, NiO and Mg/Al
a)Cu0:Ni0=80:20(by wt.)
b)CuO:NiQ:Mg/Al=50:10:40(by wt.)
Sample weight;10ng, heating rate;10°C/min.
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Fig. 8

X-ray powder diffraction of CuO-NiO-Mg/Al
mixture heated up to 620°C

@®:MgO0, A:MgAlO, O:MgAlOs, I;Cu,
A:NIO

Fig. 7 Apparatus for sound producing system
a;thermometer, b;thermocouple, c:gas bumer,
d;cell, e;microphone, £;FFT analyser

Fig. 8 Explosive composition in the CuQ-NiO-
Mg/Al system -
@ : explosive noise, O;small clacking
A :flash or smoke, {J:no explosion
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Fig. 9 Noise level by FFT analyzer for PbsO,-Mg/Al
and CuO-NiO-Mg/Al mixtures
Composition;a) Pby0s-Mg/A1=90:10 (by wt.),

b)Cu0-NiO-Mg/A1=50:10:
40(by wt.)
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a) at room temp.
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b) at 600 °C
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c) reaction model of CuO-Al in (b)

Fig. 10 Reaction model of CuQO-NiO-Mg/Al sound
composition
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Thermal behavior of the mixtures of copper oxide, nickel oxide and magnalium

by Michio KOGA*, Masaru MATSUMOTO*, Akira MIYAHARA**
and Shunichi YOSHINAGA*

Sound composition of fireworks are made of red lead and magnalium (weight ratio 9:1).
Lead is known to be harmful metal for human health. In this study, to the use of the mixture
of copper oxide (1) and nickel oxide was studied instead of red lead as oxidizer, and the
following results are obtained.

1) The mixtures of copper oxide (I ), nickel oxide and magnalium (5:1:4 by weight) pro-
duced explosi've sound when heated at 590TC.

2 ) The main reaction of producing explosive sound is the thermite reaction of copper ox-
ide (II) with aluminum which is covered with alumina and aluminate.

3) Though nickel oxide does not react with magnalium, it act as a fusing agent to lower
the melting point of copper oxide(1I).

(*Faculty of Engineering, Kyushu Sangyo University 3—1, Matsukadai 2-

Chome, Higashi-ku, Fukuoka 813, Japan
**Tapan Pyrotechnics Association, 18—17, Kissyou, Ishimaki Nishikawa,
Toyohasi, Aichi 441—11, Japan)

Kayaku Gakkaishi, Vol. 567, No. 5, 1996 —203—






