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Table 1 Raw materials for fireworks

Raw materials Particle size (mesh)
Aluminium P3000 >325
Aluminium P120 >125
Aluminium P50 (fine) 50~80
Aluminium P50 (coarse) 30~50
Magnalium (fine) >90
Magnalium (medium) 50~90
Magnesium (80%) >80
Zinc -
Titanium (fine) -
Titanium (medium) -
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Table 2 Fireworks compositions

(wt. ratio)
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M Murasaki| Kohro | Titannisiki | Denkohraiyaku | Raiyaku | Ginran | Benitenmetsu | Gintaki
Potassium nitrate 10 2.5
Ammonium perchlorate 10

Potassium perchlorate | 100 100 10 10 10 10
Strontium carbonate | 12

Cupric oxide 10

Charcoal 3.5 9.8 0.5 0.7
Phenol resin 15

Chlorinated rubber 20

Boiled linseed oil 5 0.5 0.25
Magnalium 10 3
Potassium dichromate 2.5 1

Rice starch 8 30 1.2 2

Sulfur 75 2.4 2 2
" Diantimony trisulfide 90 0.25
Magnesium 6

i P [ewons PUSIERGY [
Titanium 5 5 2.2 2

Strontium sulfate |

Barium nitrate 410 1

Boric acid ' 15 1.25
AEB/NMBEKE G L HRIKZIIALDDOTHS, HRDIZ,
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Fig .1(a) Relationship between Tnsc and water con-
tent in the reaction of raw materials with

water
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Fig .1(b) Relationship between Qpsc and water con-
tent in the reaction of raw materials with
water
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Fig .2(a) Relationship between Tnsc and water con-
tent in the reaction of raw materials with

water
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Fig .2(b) Relationship between Qosc and water con-
tent in the reaction of raw materials with
water
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Table 3 DSC data on the reaction of fireworks compositions with water in the presence or absence of coating agents

Sample (%) o | sy RS adTe)

- — = - 344 1.02

2.7 - - 364 1.44

Raiyaku 3.8 3.8 - 380 1.29

2.1 - 4.2 373 4.42

6.5 - 12.9 360 5.28

— - - 524 >0.41

4.5 - - 501 >0.49

) 3.0 8.3 - 473 >0.45
Denkohralyaku 5.3 3.5 = 492 0.48

5.7 - 6.6 490 >0.38

7.9 - 4.0 496 >2>0.23

Kohro - - 1.6 486 1.22

(In the presence of HaBO») 5.4 1.6 - 413 1.89
- - - 442 0.94

(In the abseaee of HsBOy) 6.1 - _ 368 2.8
17.1 - 20.5 446 0.58

- — - 334 2.86
. 4.3 - - 362 4.79 -
Benitenmetsu 71 6.7 — 203 4.17

4.7 - 41.9 330 4.38

Murasaki - - 2.5 308 i

(In the presence of K3Cr207) 4.3 - 2.5 312 4.75
Murasaki - - - 300 3.97

(In the absence of K:Cr207) 5.2 - - 308 4.82
- - - 31 4.28

Murasaki 5.8 - - 319 4.58

(In the presence of magnalium) 3.8 31.2 - 263 3.42
6.0 - 26.7 37 3.22

- - - 4717 1.01

Ginran 5.4 - - 474 2.10

5.5 32.3 - 200 2.13

3.0 - 22.6 494 1.91

- - - 453 2.03

Gintal 4.6 - - 422 4.72

4.1 30.1 - 426 1.86

3.9 - 27.1 425 2.85

- - - 305 1.50

Titannisiki 3.9 - - 287 1.64

4.8 25.6 - 163 1.23

5.3 - 27.1 265 1.42

(> : approximate value)
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Table 4 DSC data on the reaction of oxidizers-Al compositions with water in the presence or
absence of coating agents

1 H0 Al H3BO; K:Cr;0; Tosc Qosc
Oxidizers (Wt%) (Wt%) (wt%) (wt%) (T) (kJ/g)
- 49.4 - - 540 not calc.
Ba(NOs): 15.4 28.2 - - 98 0.89
6.5 20.1 22.9 - - -
8.0 15.2 - 14.3 - -
- 30.3 - - - 520 not calc.
KNO; 20.9 16.0 - - 138 1.90
9.5 11.4 10.1 - - -
10.0 33.3 - 9.3 482 1.40

(not calc. : Qpsc is not calculated due to peak over 600T)
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Table 5 DSC data on the reaction of raw materials with water in the presence or absence of

coating agents

. H0 H3BO, K3Cr;0; Tosc Qosc
Raw materials (Wt%) (wt%) (wt%) () k)/g)
- 22.5 - - -
Aluminium — _ 19.3 _ _
(P50 fine) 4.6 - - 166 0.21
6.9 27.3 - 502 0.05
8.3 - 13.2 - -
- - - 384 0.04
- 9.3 - = -
Magnesium - - 17.8 515 0.29
#30) 4.7 _ - 143 0.43
4.8 19.9 - 127 0.79
5.8 - 11.1 133 0.47
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Sulfur + Potassium dichromate 394 2.22

Fig. 3 DSC date on the reaction of sulfur and potassium dichromate‘
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Study on reaction of fireworks compositions and their raw materials with water

by Weixin GU*, Mamoru ITOH*, Mitsuru ARAI*
and Masamitsu TAMURA*

In order to obtain some information on ignition and explosion hazards of fireworks com-
positions and their raw materials due to their reaction with water during storage, we have
studied their exothermic behaviour using DSC. We have also attempted to examine the
retarding effects of HiBO3; and K:Cr.0: on the exothermic reactions. As a result, it was
shown that aluminium, magnalium, magnesium and zinc powder and fireworks composi-
tions containing these metal powders could react with water to induce exothermic reaction.
Addition effects of HsBOs and K:Cr:0; are complicate, suggesting that they should be in-
volving not only their retarding effect on the reaction of fireworks compositions with water
but also their reaction with fireworks components.
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