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Table 1 Composition of stars and prime.

Material Red Green Blue Yellow Purple Prime

KC104 53.2 457 53.2 55.3 53.2
KNO; 559
Phenol resin 10.5 10.5 10.5
Binsol resin 9.5 114
Chlorinated gum 4.8 4.8 4.8 5.7 4.8
Sulfur 4.7
Sb,S3 9.3
Silicone (fine) 47
Charcoal 5.7
Hemp charcoal 9.3
Magnalium 10.5 6.7 10.5 10.5
Magnalium (fine) 9.3
K2Cr,07 0.3
SrCOs 16.2 8.1
Ba(NOs), 28.2
CuO 16.2 8.1
N212C204 17.1
Rice granules 4.8 4.8 4.8 4.8 4.8 6.5
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Table 2 Density of samples (unit: 10° kg m3).
Red Green Blue Yellow Purple i
Bare star 1.62 141 1.58 1.42 1.57 PC Hold
Primed star 1.16 148  1.25 1.45 1.39 () Flying experiment
PPR 1.60 141 161 1.42 1.62
Strand 195 1.85 210 1.69 2.03

PPT 1.01 095 115 0.98 1.12 Fig.2 Setup of measuring system.
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Fig. 3 Spectrum peak intensity profiles of a bare red star and the star covered by prime.

Table 3 Mean burning times of various types of star compositions.

Height Burning time (s)
Type (mm)
Red Green Blue Yellow Purple
Stationary burning
Bare star 10 2.64 2.75 2.57 6.98 3.06
Primed star 10 1.15 2.18 1.16 4.23 1.24
PPR star 10 3.70 4.92 2.74 7.94 2.94
Strand 30 10.6 19.0 8.33 24.9 9.31
Strand 10 10 353 6.33 2.78 8.30 3.10
PPT 95 30.5 45.2 19.9 523 26.2
PPT 10 10 3.21 4.76 2.09 5.51 2.75
Flying burning
Bare star 10 1.74 2.71 1.48 3.29 1.46
Primed star 10 1.42 2.39 1.34 4.85 1.15
PPR star 10 3.26 4.11 2.39 542 3.12
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Fig. 4 Burning times of various types of star compositions.
Stationary burning (A: Bare star; B: Primed star;
C: PPR; D: Strand; E: PPT) Flying burning
(F: Bare star; G: Primed star; H: PPR)
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Fig. 5 Correlations of burning times of various star
compositions.
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Table 4 Relative standard deviations (RSD) of various firework star compositions.

Red Green Blue Yellow Purple Mean
Bare star 0.02 0.06 0.21 0.4 0.22 0.22
Primed star 0.09 0.05 0.05 0.05 0.25 0.1
PPR 0.02 0.13 0.13 0.43 0.14 0.17
Strand 0.05 0.08 0.03 0.05 0.02 0.05
PPT 0.06 0.03 0.17 0.01 0.05 0.06
Mean 0.08 0.07 0.12 0.19 0.14 0.12
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Fig. 6 Examples of spectrum peak intensity profiles in the burning of PPR, strand and PPT.
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Burning characteristics of firework stars
and compositions

Yasuhiro Sashimura*, Hideo Watanabe**, Mamoru Horiuti**, Maiko Watanabe**,
Kazuomi Itoh**, Dayu Ding**, and Tadao Yoshida**

The burning behavior and burn-time of firework stars and their compositions were observed. The burning behavior
is discussed from the perspective of specific spectral peaks observed in the combustion flame. Although the intensity
of combustion flame fluctuated greatly with time, the total burning times of the stars had little scatter. During the
combustion of the powdered star composition that had been loaded into paper tubes, at first the flame projected from
the upper end of the tube. Sometimes, the flame disappeared below the upper end of the tube, with the combustion
continuing down inside the tube; however, the total combustion time did not change much. For an estimation of burn
rate of a firework star, the combustion of the powdered composition in a paper tube may be useful from the view
point of simplicity and the small amount of scatter in the observed data.

Keywords: Firework star, Star composition, Burning time, Spectrum peak profile.

*Fireworks Consultant, 1-27-14-201 Matsumi-cho, Kanagawa-ku, Yokohama-shi, Kanagawa 221-0005, JAPAN

**School of Engineering, Ashikaga Institute of Technology, 268-1 Omae-cho, Ashikaga-shi, Tochigi 326-8558, JAPAN

fCorresponding address: yoshida@ashitech.ac.jp



