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Table 1 Paticle size distribution of oxidizers and combustibles.

Particle size distribution (wt. %)
Substances 200—
—24 24—32 32—42 42—60 | 60—100 | 100—150 | 150—200 (mesh)

Red phosphorus 55.9 21.6 17.8 4.1 0.7 0 0 0
Al powder 0. 0 0 0 0 3.5 19.2 77.3
Hemp charcoal 0 2.3 32.0 4.7 20.1 109 0 0
Cellulose A 0 0.2 0.6 74.1 21.7 0.4 1.4 1.6
Activated charcoal 0 0.6 0.6 1.2 29.9 41.1 17.4 9.3
Wood flour 0 0 0 38.4 54.5 3.2 1.4 2.6
Si 0 0.4 20.6 35.0 30.6 8.0 2.4 3.0
S 0 7.4 6.7 8.2 15.7 41.4 20.5 0.1
T8 (80 meshes 0 0 0 0 3.8 200 22| 379
CioH, 70.7 12.2 6.0 4.9 0.9] 0.8 4.4 0.2
NH,CIO, 5.2 0.8 1.0 2.1 19.5 45.6 7.9 17.8
KClO, 0 0 0 0 0 0.4 4.2 95.4
KCIO, 0 0 0 0 0 2.9 10.6 86.5
KNO; 1.3 1.3 1.3 1.6 3.9 7.5 21.6 61.3
Sr(NO»); 11.3 3.3 5.7 20.3 39.1 20.3 0. 0
Ba(NOy), 87.7 7.3 3.1 1.2 0.6 0.2 0 0
Pb;O, 0 0 1.0 19.0 69.7 6.5 1.4 2.5
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Table 2 Effects of combustibles on the deflagration properties of the
KNO;-combustible mixtures by the revised time-pressure test.

Combustible (wt. %) Igniter (g) Time (m sec)
100—300 psi 300—500 psi

Red phosphorus 30 1 0. 057 0. 006
Al powder 35 1 1.1 0.5
Hemp charcoal 13 1 10.0 4.0
Cellulose A 20 1 48.7 35.5

20 1 55.5 19.7
Activated charcoal 20 1 64.2 22.4
Wood flour 20 1 65.3 21.8

20 1 74.5 48.0
Si 30 1 97.2

30 2 62.0 17.0
S 21 1 9.5
Ti (80 meshes pass) 38 1 Slow decomposition

38 2 52.0
Naphthalene 20 1 No ignition

20 2 No ignition

20 2 Slow decomposition

Igniter : PbyO, (70 wt. %) +Si (30 wt. %)

Firing method : nichrome wire method from lower side
Sample : prepared by mixing for 3 minutes, Sg
Rupture disc : brass, 0. 15 mm in thickness
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Table 3 Deflagration properties of pyrotechnic compositions be the revised'time-pressure test.

Sample 1g Sample 5g Sample 5g
Igniter 1g Igniter 1g Igniter 2¢g
(()‘:ti:%z%r Co(m“::.uﬁi )b le Time (m sec) Time (m sec) Time (m sec)
100—300 | 300—500 { 100—300 | 3060—500 | 100—300 { 300—500
psi psi psi psi psi psi

NH.CIO, Hemp charcoal - (10) 1.3] ° 0.4

(m) . .
KCIO, (85) ” (15) 3.2 1.0
KCIO; (87) " (13) 4.6 1.9 0.6 0.3
KNO; (87) ” 13) 5.0 31 10.0 4.0
Sr (NOy), " 12) Vely slow 13.6 5.9

(88) .

decompasition

Ba(NOJe sl (9| No ignition 3.0 100| 40| 158
PbsO, (96) " (@) No ignition
KNO; (65) | Al powder (35) 4.5 5.0 1.1 0.5

. 6.8 8.7 ‘ )
KNO; (62) | Ti (80 mesh pass) (38) Slow decomposition 52.0] - —_

Al(14) +Ti

KCIO, (72) (80 mesh pass) (14) 0.6 0.1
KCIO, (72) f‘it)(—l?o“L m";‘sh) (14) 07| o0z
KCIO; .(67) | A1(20) +8 (13) 0.6 0.03

Igniter : Pb; O, (70 wt. %) + Si (30 wt. %)

Firing method : nichrome wire method from lower side
Sample : prepared by mixing for 3 minutes, 1g or 5g
Rupture disc : brass 0.15 mm in thickness

Table 4 Comparison of the revised time-pressure test data with their related test data for the
pyrotechnic compositions.

Timc-prcssu:e‘ MKl | BAM Drop hammer test®?| Friclion test!?
Ouidiser [Combunibie] VA (m35c™) |30 pegrp e Bl Coriu-| BAM,
(w.%) (wt-%) [ 00—300|300—500 (Real/g) test!? | spark gtesl" 1eight Explosion Weight ignition
" psi psi B’ value| test®) (cm) ) (kg) |'®
KCIO, Al (14) 1.6 9.2 1.67 88 0/5 1/5 40 1/6 8 1/6
Ti (10-30
(72 | mesh) (19)
KClO, Al (19) 1.5 5.7 1.67 88 40 1/6 16 2/5
Ti(80 mesh -
a2 p;gs) t(nl?) 12 0/6
KCIO, Al (20) 1.6 33.3 1.71 97 1/5 4/5 50 2/6 2 1/6
(67) S 13) 40 0/6

*Data were obtained under the standard conditions except for sample Ig.

Rk HH#E — KkFELBE 16, (2), 9019 6) B. C. Turner, "The Time/Pressure Test Part 1

84) :16, (3), 10 (1984) Design and Experimental Method”, RARDE
5) B. C. Turner, QECD-IGUS Committee Paper (1972)
(1984)
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A Study on the Deflagration Properties of Reactive Materials
by Using the Revised Time-Pressure Test (IIl)

Effects of Combustibles on the Deflagration
Properties of the KNOj;-Combustible Mixtures

by Mamoru ITOH*, Shinichi MIURA*, Masamitsu TAMURA®*,
Tadao YOSHIDA*, Kotaro MURANAGA-®**, Takayuki ABE**
and Shigeru MORISAKI***

We have examined the deflagration properties of the KNO;-combustible mix-
tures and pyrotechnic compositions by using the revised time-pressure test. ‘
As the result, we have obtained some finding with the effect of each combus-
tible on the deflagration properties of its mixtures with KNO;. Namely, red phos-
phorus and aluminium powder can be powerful combustibles giving violent defla-
gration. However, sulfur may not give violent deflagration, although its mixtures
with oxidiging agents are high by sensitive to ignition. We can also say that the
KClO,-Al-S mixture should not only be sensitive to ignition, heat and friction but
also have a violent deflagration property.
(*Dept. of Reaction Chemistry, Faculty of Engineering, The University
of Tokyo, 7—3—1 Hongo, Bunkyo-ku, Tokyo 113.
**Hodogaya Factory, The Japan Carlit Co., Ltd., 1625 Bukko-cho,
Hodogaya-ku, Yokohama 240.
***«Research Institute of Industrial Safety, Ministry of Labour, 5—35—1
Shiba, Minato-ku, Tokyo 108.)
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