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Fig. 1 Cross section schema of chrysanthemum firework
aerial shell.

Table 1 Characteristics of report shell and small shell for banger made of biodegradable plastics or paper.

Biodegradable plastics (Type A and B) made

Paper made small shell for banger

small shell for banger Banger
Report shell Outside Outside composition
type . Thickness Weight . Thickness Weight  weight (g)
diameter (mm) (@) diameter (mm) (@)
(mm) s (mm) s
Three stage report 35 2.0 8.0 35 1.5 7.0 15.0
Five stage report 33 1.8 6.0 33 1.3 5.0 10.0
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Table 2 Relationship between composition of biodegradable plastics and manufacturing results.

Composition of Injection Bonding by Bonding by paper tape with
Biodegradable plastics molding water-soluble glue water-soluble glue
Succinic acid base biodegradable plastic* Good Poor Poor

Starch base biodegradable plastic** Good Good Good

Ref. paper made — Good Good

*Succinic acid base biodegradable plastic : Bionolle #1030 (SHOWA HIGHPOLYMER CO., LTD.)
**Starch base biodegradable plastic : Cornpol M2 (Nihon Cornstarch corporation.)
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Table 3 Relationship between composition of biodegradable plastics, physical property and results of launch test.

Case Composition of Thickness Density Impact Tensile strength The visual Form of the
biodegradable plastics (mm)  (gem?) strength (k] m?) (MPa) evaluation result  collection fragment
C-1 S 22 4.50 Badextent Half spheres. See Fig.3
Succinic acid base
biodegradable plasti 1.27 36.6 Divide to several
C-2 & P 1.5 3.07 Poor extent . .
pieces. See Fig.4
C-3 Starch base 22 33 1.96 236 Poor extent Half spheres
C-4 biodegradable plastic 1.5 1.34 Poorextent ~ Divide to several pieces
5~20%* . .
Extent of the  Divide to several pieces
*
Ref. Paper made 2.2 0-9 ! ellipse with crack. See Fig. 5

* Parallel with fiber 5 to 10 MPa, Cross at right angles with fiber 8 to 20 MPa.

Fig. 3 Collected shell case of case C-1 in Table 3.
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Fig. 4 Collected shell case of case C-2 in Table 3.
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Table 4 Relationship between modified biodegradable plastics composition and results of launch test.

Case Composition of shell case type Density  Impact strength ~ Tensile strength ~ Results of launch test
Advanced biodegradable plastics (g cm™) (kJ m?) (MPa) star extent pattern
C-1 Succinicacid base 127 3.07 36.6 Poor, distortion extent
biodegradable plastic
C-r Succinic acid base biode gradable 132 1.39 38.1 Excellent, perfect
Type A plastic + PVA + chaff powder ’ ' ’ round extent
C-3 Starch base biodegradable plastic 1.37 1.34 28.6 Poor, distortion extent
C-3 Starch base biodegradable
Type B plastic + PVA + chaff powder 1.33 1.53 42.8 Good, round extent
Ref. Paper 0.9 1 5~20 Poor, distortion extent

Succinic acid base biodegradable plastic : Bionolle #1030 (SHOWA HIGHPOLYMER Co., LTD.)
Starch base biodegradable plastic : Cornpol M2 (Nihon Cornstarch corporation.)

PVA : Ecomaty AX-2000 (The Nippon Synthetic Chemical Industry Co., Ltd.)

Chaff powder; (rice hulls powder) : Goldenpowder M120 (Nakanihonsansho Co., LTD.)
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0.0 1 1 1
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Fig. 5 Relationship between Tensile strength and
Impact strength.
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Table 5 Characteristics of aerial shell and shell case made of biodegradable plastics or paper.

Outside ~ Biodegradable plastics Paper Bursting Star charge  Diameter
Sample diameter  Thickness Weight  Thickness  Weight charge* weight of a star

(mm) (mm) (2) (mm) (2 Weight (g) (€ (mm)
1 70 1.5 28.0 22 24.6 7.0 40.0 9.5
2 82 1.5 39.6 2.8 45.7 18.0 120.0 10.1
3 108 1.5 67.0 2.9 90.8 50.0 320.0 11.6
4 140 2.6 200.0 4.0 267.0 100.0 550.0 12.6
5 190 33 475.0 5.5 350.0 500.0 1,000.0 13.0
6 222 4.0 755.0 5.9 542.0 900.0 1,700.0 15.0
7 270 5.5 1,518.0 6.9 1,040.0 1,800.0 2,600.0 21.0

*Sample 1 to 4 : Chemical composition of Blasting charge : Oxidizing agents / Potassium perchlorate 80 w %,
Combustion Agents / Charcoal 20 wt %

*Sample 5 to 7 : Chemical composition of Blasting charge : Oxidizing agents / Potassium perchlorate 75 w %,
Combustion Agents / Charcoal 25 wt %

Table 6 Results of visual evaluate test by right launching test.

Composition of shell case

Biodegradable plastics (A) Biodegradable plastics (B)

Sample C-1’ Type A in table 5 C-3’ Type B in table 5 Paper
Fragments Max Fragments Max Fragments Max
Visual  Average Fragments Visual Average Fragments  Visual Average  Fragments
Weight (g) Weight (g) Weight (g) Weight (g) Weight (g) Weight (g)
1 Good 0.20%* 1.15% Good 0.15 0.67 Bad extent ~ 4.82%%* 11.1%*
2 Good 0.19 0.52 Good 0.14 0.37 Bad extent  3.62 7.83
3 Good 0.43 1.34 Good 0.43 1.04 Poor extent  9.10 26.6
4 Good 0.44 2.58 Good 0.46 223 Good 8.60 34.8
5 Good 1.84 5.54 Good 1.34 6.53 Good — —
6 Good 1.15 4.99 Good 0.65 4.14 Good — —
7 Good 1.18 14.6 Good 2.39 114 Good — —
* See Fig.7
** See Fig.6

Fig. 6 Collected shell case of Paper in Table 6. Fig. 7 Collected shell case of case C-1" Type A in Table 6.
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Developments of shell case for fire works aerial shell

made by biodegradable plastic (1)

— Study of biodegradable plastic
compound for shells case -

Makoto Kudo™* Kenji Murata™ Satoru Kamata® and Fumio Hamada™**

Seeking to improve the safety of fireworks, we developed a new and high-safety aerial shell made of biodegradable
plastic, which will be shattering into fragments when it explodes in midair. In order to regulate the size of frag-
ments of the plastic at explosion, it was found that an addition of non-compatible powder, which was made from
plant chaff, was effective. It was recognized that an addition of polyvinyl alcohol (PVA) was effective to increase
adhesion of water-soluble glue. In this study, we found concerning the method of designing of the aerial shell for
the safety fireworks by tensile strength test and impact test results, which would be broken into very fine fragments
at explosion and could be used for a wide range of chrysanthemum-style fireworks ranging from 2.5 gou(70 mm) to
10 gou(270 mm) shells. In addition, it seems that those shells can be used for signal flares.
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