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Fig.1 Apparatus to analyze the sound produced
(a) FFT analyzer, (b)microphone, (c)cell and
(d) gas burner
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Fig.2 DTA and TG curves of various metal oxides
(a) MoQ4, (b)V,0; and (c)CdO
sample weight; 10 mg, heating rate; 10°C/min.,
atmosphere; in air
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Fig.3 Heating microscope photos at various temperatures
Sample; MoO;, heating rate; 50°C/min., atmos-
phere; in air, sample weight; 5 mg
(a)room temp., (b)670°C, (c)740°C, (d)770°C,
(e)770°C, (£)850°C, (g)950°C and (h)room temp.
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Fig.4 Heating microscope photos at various temperatures
Sample; V,0;, heating rate; 50°C/min., atmos-
phere; in air, sample weight; 5 mg
(a)room temp., (b)670°C, (c)760°C, (d)760%C,
(e)770°C and (f) room temp.
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Fig.5 Heating microscope photos at various temperatures
Sample; CdO, heating rate; 50 °C/min., atmos-
phere;in air, sample weight; S mg
(a)room temp., (b)490°C, (c)1263°C, (d) 1285C,
(e)1385C, (£)1433°C and (g)room temp.
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Fig.6 DTA and TG curves of Mg/Al

Sample weight; 10mg, heating rate; 10°C/min.,

atmosphere; in air
iDTA, ----=---- TG

Fig. 7 Heating microscope photos at various temperatures
Sample; Mg/Al, heating rate; 50°C/min., atmos-
phere; in air, sample weight; 5 mg
(a)room temp., (b), (c) and (d)600C
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Fig. 8 Scanning electron micro graphs of magnalium
(a) room temp. and (b)600°C
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Fig.9 DTA and TG curves of mixtures of metallic oxide

and magnalium

(a) MoO, + Mg/Al, (b)V,0,+Mg/Al and

(c)CdO+Mg/Al

Sample weight; 10mg, heating rate; 10°C/min.,

atmosphere;in air
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Fig. 10 X-ray diffraction patterns after the reaction of the
mixtures of metallic oxide and Mg/A1(3/7)
(a) MoO, +Mg/Al=50: 50 (wt.%) and (b)V,0;
+Mg/Al=50:50(wt.%)
@®: MoO;, O; Mo, @:Mo0,, ¢:MgAIO,
<O:MgAl,0,, A;:MgO, A;ALO, '
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Table 1 Noise analysis for various sound compositions

by FFT analyzer
MoO,:Mg/A1(3/7) | Induction time | |AY| (mv)
50:50(150£m) 59sec. 78mv
50:50( 75um) 54sec. 662mv
50:50( 46um) 46sec. 1132mv
50:50( 37um) 42sec. 1153mv
Pb,0,:Mg/Al(3/7) | Induction time | [AY](mv)
90:10(46£m) 46sec. 854(mv)
90:10(37um) A4sec. 1430(mv)
CuO:Mg/Al(3/7) | Induction time | |AY](mv)
50:50(75um) 54sec. 894(mv)
50:50(46m) 52sec. 1231 (mv)
50:50(37um) 47 sec. 1250 (mv)
1son:
mml-
|
3 *—eCu)
Z - oMot
T D—OPhOs
0 N 1 : L . P S
0 20 a0 o0 80 0 120 WO 160

particle size of Mg/AL (gem)

Fig. 11 Relationship between noise level and particle size

3. QRTHRBICEDERLLEZBEE) SF R
SAROBVEBMLERTHEON =TIV UL LR
BERGEEIT. COEEITKRMERD, TeR4E
THLOEEASNS,

3.3 BtA-< /YO ARABRORE

3. 2. 21T RLAKR S EREFIOBMLHIC=RMEE Y
TFMMERTIERE EHBALE. ThkD, DHOR
{LRIE L TREREEY /5 DA TRBRERTOIZ L
&L=,

ZBIEEV ST Y T FUIAG/T)=50: 50,
BLUBMLH) : =& F U AB/T)=50:50, 3
RBOERS : v FUTLGB/N=90: 10BSHIZR
|HT, BRHMN50mg) THELZDBDIZONT, v
FUDAQ/T DR FEEITLm~150umD 4 FREFHIZ
DWT(Fig. 1 KRTESRFETFFT 7+ 51 Y-
EANTIREORE S 2RIEL =R ETablel B

L)
Mg/Al MoQ3
a) at'room temp.

MgAIlO or

MoOﬁ or MoQO2 g
b) at 600 °C

MgAIO or
‘MgAl204

Al+MoO3

M0‘63
c)reaction model of MoOs-Al in (b)

Fig. 12 Reaction model of MoOs +Mg/Al sound com-
position
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Thermal behavior of the mixtures of molybdenum(VI) oxide,
vanadium(V) oxide, cadmium oxide with magnalium

by Michio KOGA*, Koji MIYANO®*, Akira MIYAHARA**

and Shunichi YOSHINAGA *

Present sound composition of fireworks are made of red lead and magnalium (weight ratio
9:1). Lead is known to be a harmful metal for human health. In this study, the mixtures of
molybdenum (VI) oxide, vanadium(V) oxide, cadmium oxide with magnalium were studied in
order to use as sound compositions instead of red lead contained one. The following results are

obtained.

1) The mixtures of molybdenum (VI) oxide and magnaliuni( 5:5 by weight) produced explosive

sound when heated at 590°C.

2) The main reaction of producing a explosive sound is the thermite reaction of molybdenum (VI)
oxide with aluminum contained within alumina and aluminate surface oxide.
3) Metallic oxide able to use a sound composition must have melting point of about 1000°C and

evaporate after melting.

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

Higashi-ku Fukuoka 813-0004 Japan

** Japan pyrotechnic association, 18— 17, aza Kissyou Ishimaki Nishikawa, Toyohasi,

Aichi 441-1102 Japan)
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