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Detonation Velocities of Gas and Solid Explosives.

Rempei Goto and Nishio Hirai
(Goto Laboratory)

The propagation velocities of detonating gas and solid explosives have
been derived theoretically from the molecular standpoint.

1. Gas explosives: The energy released at the flame front of the deto-
nation wave in -explosive gas mixtures may be the sum of the heat of
reaction (@) and the activation energy (¢). It is supossd that ¢ may be
consumed for activation of the ad‘&cent reactive zone of the flame front
and @ may be reserved as the Kkinetic energy of the reactant molecles
which have 3 kinds of freedom i. e. translational, vibrational and rotational.
Assuming that the velccity of the detonation wave corresponds with the
mean translational velocity (V) of the reactant molecules whose total

mass is M, we have
%‘MVz—':]th/F‘*"%fcRT .................................... (1)

where J is the mechanical equivalent of heat, f: the degrees of freedom of
translation, F the total degrees of reedom, R the gas constant and 7 the
temperature of the experiment (ca. 300°K). Accordingly, from (1) appro-
ximately we have
V= (2JQrIM (L+fiRTIAQy) --ooovevervriienienn (2)
where 7= f¢/F. Calculated values of V show good agreement with the ob-
served ones for 15 kinds of detonating gas mixtures (Table 1,).
2. Solid explosives: According to the recent theory of liquids, the sound
velocity in liquids (U;) and in gases (U,) are related by the equation
Uy = Uy (0]vr)b oo, (3)
where v is the molecular volume of the liquids and vy ‘““the free volume”,.
Using an analogy, the detonation velocity of solid explosives Vg may be
given by a similar relation
Vs = Vg (0foy)F oo (4)
where Vg is the detonation velocity of gas explosives defined by the equa-
tion (2), and expressed by (ZJQJ’/M)é approximately. Estimating that
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7=0.24 from the Table 1, (v/v;)} can be calculated by Vg (observed) [V,
which is expected to be nearly equal to 5 theoreticaly. The results are
given cn the Table 2, and it is found that solids explosives can be classified
by 3 groups i.e. (i) (v/ve)i=5, (ii) (»/ve)3<5, and (iii) (vfvr)i >>5. It is
discussed that those differences may be ascribed to the crystalline siructures
or compositions of the solid explosives. Taking (v/vy)}=4.9 from the Table
2 for the group (i), the detonation velocity Vs can be calculated by the
relation (4) as shown on the last column of the Table 2.
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Table 1. Propagation Velocities of Gaseous Detonation Waves.

Reactions M |Quatl@/M| £y fo | fr| F T Vrﬁfféecivrﬁb/fs,ee
L Hr+, Oz=Hz0 18] 683) 3! 3| 6 3t 12 025 | 2900 2820
2. Hy+Cla=2HCI 72| 40| 061 6| 4| 4] 14| 043| 1553 | 175
3. CO+02=CO; # &6/ 154 3| 8 2[ 3 023 18| 135
4. C2N2+202=-2C0.+N: 116 | 2580| 222 | 9| 18| 6 33 027 2290 | 2195
5. CH,+202=-2C03-- 2H;0 80 | 218 2.731 9! 20| 8 { 37 J 024| 2410 2513
6. CoH,+30,;=2C02+2H20 124 323 | 260 12| 28| 10| 50 | 024| 2442 | 2559
7. CoHyt-5 02=2C0, +H:0 | 106 | 312 2.95{ 9| 22| 7 ! 38 024 2500 | 2041
8. NE13+7?;02=12N2+32H20 4| 83 2.023 6| 10! 55 [ 22 | 027 | 2300 | 2390
9. CoHo+£02=2C0x+3H:0 | 142|372 | 261 15| 34 | 13 1 62 ‘ 024 | 2364 | 2363
10. CS2430,=2C02+-250; 172 | 265 | 1.54 ( 9| 24| 6 1 39 ' 023 | 1794 1802
1L CyHy+50,=3C0,+-4H:0 | 204 | 485 | 236 | 21| 48 181 87 ] 024 | 2245 | 2280
12. CHio+ 120, ~4C0O2+5H0 | 266 | 634 | 238 | 27| 62 | 23| 112 | 024 2250 | 2270
13. CsH21+802=5C0,+6H:0 | 328|780 | 240 | 33| 76 | 28 l 137 ’ 024 | 2266 | 2371
U, CeHe+120,6C0,-+31,0 | 278 | 750 2.69‘ 27| 66 | 21| 114 ] 024 | 2370 | 2206
15. CoH;0H+202=2C0, +3H;0| 142 | 438 | 308 | 15| 34 | 13 ' 62 % 024 | 2530 | 2356
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Table. 2. Detonation Velocities of Solid Explosives.
.| charge Q/M | VsCexp) |v/v5)} (calc) | Vs(eale)
Explosive Substances or mixtures . m/sec
density | Keal/g m/sec | (y=024 |(p/v,}=-49
Picric acid 169 1000 | 7250 5.2 6880
Hexa nitro diphenylamine 1.67 1.035 7150 5.0 7000
Dipentaeyrthrit-hexanitrate 1.63 1092 | 7400 5.0 7200
Cyan-triazide 1.54 1.040 7500 5.0 7380
Pentrinit 80(11.5/8)0.5 1.72 1.480 8400 49 8400
Pentaerythrit-tetra nitrate 17 1.526 8600 49 8520
Cyclomethylne-trinitroamine 1.7 1.500 8380 49 8420
I Mannit-hexanitrate 1.7 1.454 8260 49 8230
Tetranitro-methane-toluene 1.45 1.702 9000 49 8800
Trinitrotoluene 1.59 1.000 6800 49 6880
Tetranitromethyl amilin 1.65 1.090 7250 49 7200
Trinitrobenzene 1.63 1.065 7000 438 6390
Nitrogentetroxide-nitrobenzene 138 1.629 8500 48 8720
Nitrocellulose 13 1.050 6800 48 7000
Dinitrobenzene 1.50 0.870 6100 4.7 6390
Nitroiso-butyl-glycerin-trinitrate 1.68 1.597 ~.8000 45 8650
, (mean; : 49)
Glycol dinitrate | 150 1.655 8000 44
Nitroglycerine 1.60 1.485 7400 43
Explosive gelatine 1.63 1.610 7500 40
Black powder i 12 i 0.665 400 35
Gelatine dynamite (65%) 16 1.295 6100 34
II| Ammonium-nitrate 11 0.350 2500 3.0
Ammonium-nitrate-explosive
(Donarit) 1.1 0.930 4000 2.9
Explosive air (27.9C+-72.79502) 038 2,114 4700 2.3
Nitroglycerine-powder (48Ng/52Nc) 16 1.170 3000 2.0
Chlorate explosive (cheddit) 13 1.185 3000 2.0
Ammoninm perchlorate 1.2 0.312 1410 18
| Lead azide | 46 0260 | 5300 7.4
HI| Mercuric fulminate \ 42 0.360 5400 6.4
Lead trinitro-resorcinate | 29 0.368 5200 6.1
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