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Table 1 Evaluation of explosive characteristics by Dr. Niimi.®

P ) Heat of Activation Total QW
Sample wbn/rlt.:)iéht explosion ener, pro,c'l‘uct -9t 4t oW,
(kealfmol) | (kealfmol) | (mol)

Trinitrobenzene 213 179 42.0 9.0 24.6 0.58
2, 4, 6~ Trinitrotoluene 227 - 187 . 45.4 11.0 21.1 0. 47
2, 3, 4- Trinitrotoluene 227 194 40.1 1.0 21,0 0.52
Picric acid 229 173 70.5 9.0 27.1 0.38
Trinitroaniline 228 189 48.5 10.0 23.7 0.49
Trinitrobenzoic acid 257 163 54.7 10.0 21.8 0.40
Trinitroresorcine 245 167 47.6 9.0 23.8 0.50
Tetryl 287 250 45.0 12.0 25.3 0.56
Tetranitrobenzene 258 298 35.1 9.0 37.0 1.06
Hexogen 222 280 30.9 9.0 34.5 1.12
PETN 316 . 465 36.3 1.0 45.6 1.26
Mercury fulminate 285 102 8.32 4.0 '27.6 . 3.3
Kdgyd Kayaku, Vol. 46, No. 2, 1985 -— 59 —



Table 2 Evaluation of explosive characteristics.

Mol. fI-lem of | Activation*] Heat of** | Total O+ W,
Sample . orr_n%uon enﬁ;gy explasmn prog‘uct q= 4 o/ W,
weight | cal/mol) | Ckeal/mol) | (keal/mol) | (moly | =~ ™

Ammonium nitrate 80.0 87.3 40.5 28.3 3.5 19.7 .0.49
Ammonium perchlorate | 117.5 70.7 32.0 40.7 4.2 17.1 0.53
2.4- Dinitrotoluene 182.1 16.3 39.9 192.2 11.0 21.7 0.54
Ethyl nitrate 91.0 45.5 30.9 76.0 5.0 23.2 0.58
Trinitrobenzoic acid 257.1 96.3 | 54,7 276.9 | 10.0 33.2 0.61
Trinitroresorcine 245.1 125.0 47, 6w 265.8 9.0 34’8 0.73
Octogen (HMX) 296.2 -17.9 52.7 435.4 12.0 40.7 0.77
Picric acid 229.1 51.7 4.0 289.1 9.0 37.0 0.84
Trinitrobenzene 213.1 8.5 42, Q¥ 280. 1 9.0 35.8 0.85
Frinitrotoluene 227.1 14.2 34.0 289. 4 11.0 .29.4 0.86
Hexogen (RDX) 222.1 -16.9 47.5 329.2 9.0 419 0.88
Tetryl | e87.1 -81 | 380 402.6 12.0 36,7 0.97
Trinitroaniline 228.1 27.0 30.4 274.2 10.0 30.5 1.00
PETN 316.1 127.2 47.0 . 474.2 11.0 - 47.4. 1.01
Nitrocellulose (N:13%)| 67.4 41.3 43.0 ] 76.0 2.675 44.5 1.03
Ethylene dinitramin 150.1 24.7 30.5 193.7 7.0 32.0 CLO05
Silver azide 149.9 [ -689 | 40.0 68.7 2.5 43.5 1.09
Nitroglycerine 227.1 89.0 42.6 330.5 7.25 51.5° 1.22
Mercury fulminate 284.6 —65.4 32.0 157.8 4.0 47.5 1.48
Nitroglycol 152.1 58.3 35.0 236.3 5.0 54.3 1.55
Cupric azide 2111 —140.4 26.5 ' 140. 4 4.0 41.7 1.57

*: T. Urbanski. * Chemistry and Technology of Explosives”, Pergamon, Oxford, (1967)
*¢: K. Tanaka, “Detonation Properties of Condensed Explosives Computed by K-H-T Equation '
of State",‘ National Chemical Labolatory for Industry, Japan. (1983)
*##*: M. Niimi, J. of Ordnance and Explosives Society, Japan, 32, 396, (1938)

Table 3 Tests and maximum points in this evaluation method.

Sensitivity Test Max. point
Ignition temperature (Krupp’s method) 20
Cerium-iron sparks R 4
Black powder fuse : 5
Ignitability =
Sensitivity against Small gas flame ‘10
thermal action Red hot iron rod ‘ 10
Combustion time in a red hot iron pot - .20
Pressure vessel test ‘ 30
Sensitivity against Friction test (JIS K-4810) 50
mechanical action Drop hammer test (JIS K-4810) 50
Sensitiv_ity‘ against Steel tube detonation impact test 100 v
detonation impact : 22mm tube, 200mm length, blasting cap No. 6 o
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Table 4 Assessment values for the sensitivity of various substances.

Thermal Mechanical | pego.
Sample - - - . Kin Kn Ka G
Ign. | Ce-Fe| Fuse | Gas Rod | Dish‘ P.V. | Fric. | Hum. | Tube
Ammonium nitrate (powdered) 7 0 o 0 10 18 0 0 39 80 35 39 80 154P
Apmoniuﬁ perchlorate 7 0 0 4 | 4 15 0 (] 33 60 30 33 60 | 1230
2, 4-Dinitrotoluene 6 | o 0 o | o 13 | 17 | 2 0 80 | 36 | 20 | 8 | 130
Trinitrotoluene 7 0 0 4 | 0 15 . 25 .15 8 100 51 23 100 174TD
Nitrocellulose (N : 13%) 14 0 5 10 10 18 25 0 38 80 82 38 80 200‘"’ 
p-Nitrophenol Na 9 0 2 10 10 19 30 0 30 0 80 30 0 1107
2- Amino-4-nitrophenol Na 11 0 5 10 10 18 30 0 45 0 84 45 0 1297
Benzoyl peroxide 17 0 0 10 10 20 25 0 30 30 82 30 30 1427 »
m-Dinitrophenol 3 0 0 4 0 13 0 27 0 100 20 27 100 1470 7
2, 4-Dinitrophenol 3 0 0 0 4 13 6 10 45 80 26 .55 80 1614P
Urea nitrate 7 0 0 4 4 16 3 16 20 100 34 36 100 1700




Table 5 Relation between g/ W, value and assessment values.

Sample q/ Wyvalue

K;p value

Kp value K4 value G value

Ammonium nitrate 0.49

35 39 80

1540

Ammonium perchlorate 0.53

30 33 60

1230

2, 4-Dinitrotoluene 0.54

36 20 80

1360

Trinitrotoluene 0.86

51 23 100

17410

Nitrocellulose (N : 13%) 1.03

82 38 80

20070
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A Proposal of Explosion Sensitivity Theory
and Evaluating of Explosive Substances.

by Atsumi MIYAKE*, Terushige OGAWA®* and Tkuo FUKUYAMA*

Explosion sensitivity has many-sided factors. Its evaluating theory and test
method has never been established. We propose an explosion sensitivity theory for
explosive substances and also tested hazardous nature of these substances by an

evaluating method.

According to the chemical kinetic theory, decomposition of one -molecule ne-
cessiate to obtain more energy than its boundary internal energy : (Wy— W). The
following equation shows the boundary condition of explosive substance for decom-

position
A/s=N(W,—-W)

When one mole of explosive substances is initiated, the energy of one mole of

explosion product is as follows.

Q+W,

q= m

Now we propose ¢/ W, as a parameter of explosion sensitivity, and classified

explosive substances into four ranks.

For the purpose of evaluating the hazardous nature, Dr. Treumann et al. of BAM

proposed a method, in which the results of various kinds of sensitivity tests were.
rated by marks and the degree of hazard was represented by a single value in
which all of the said results were incorporated. Based on this method, for the

purpose of grasping the approximate levels and characteristics of explosive

sub-

stances, an evaluation method for rather simple process has been developed.
In conclusion, both theoretical and experimental values are good mutural rel-

ation.

(*Department of Safety Engineering, Yokohama National
University ; 156 Tokiwadai, Hodogayaku, Yokohama, Japan)

Kogyd Kayaku, Vol. 48, No. 2, 1985





