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Table 1 Detonation properties of single compounds. Two references in sixth column are
measured standard heat of formation and experimental results of detonation prop
erties respectively.

Explosive g’;g ameter Experiment KHT BKW Ref.
HMX D (m/sec) 9100 9075 9159 (18)
po 1.90 (g/cm%) P (kbar) 393 387 395 (14)
Eo 17.89 (kcal/mole){ T (K) 3343 2364
RDX D 8639 8630 18)
po 1761 P 338 337 (a3)
Eo 16.90 T 3672
TNT D 6942 6960 (18)
po 1.637 P 1899, 207¥ 202 (13)»
Eo —14.19 T 3417 (34)®
TATB D 7860 8042 8411 Qa7
po 1.895 P 315 297 326 (14)
Eo —33.4 T 2669 1887
DATB D 7520 7638 7959 (17
po 1.788 P 259 259 282 (14)
Eo —23.4 T 3043 2477
NQ D 7980 7840 8069 (18)
po 1.629 P 237 256 14)
E, —-22,2 T 2044 1581
HNS D 7130 7183 7410 (18)
po 1.74 P 232 241 (20)
Eo 13.77 T 3710 3059
Ammonium picrate D 6850 6769 6986 (18)
po 1.55 P 180 189 (14)
Eo, -92.98 T 2933 2374
BTF D 8485 8503 8156 19)
po 1.859 P 360 325 (14)
Eo 144.0 T 4727 4059
BTF D 8262 8242 7890 (19)
po 1.76 P 317 291 (18)
Eo 144.0 T 4935 4214
TNTAB D 8576 8579 8094 (14)
po 1.74 P 339 300 (14)
Eo 290.6 T 4863 4046
Picric acid D 7350 7354 (18)
po 1.76 P 239 (18)
E, —=51.71 T 3486
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Table 2 Detonation propertics of solid mixtures.

Explosive g;i!m ] Experiment KHT BKW Ref.
Composition B D (m/sec) 8018~, 7991% 7992 8084 (13)*
(RDX 64/ TNT 36 P (kbar) 2923, 260 285 284 (16)»
po 1.713 (g/cm?) T (K) 3580 2763
E, 2.62 (kcal/100g) T 2.7, 2.7 2.84 2.9
Composition B D 7886 7987 2n
(RDX 60/ TNT 40) P 268~312 285
po 1.73 T 3527
Ey 1.82 4 3.01~2. 45 2.87
Octol D 8476 8451 8555 (14)
(HMX 76/ TNT 24) P 343 333 333
po 1.809 T 3482 2578
Ep 3.13 r 2.79 2.88
Octol D 8440 8456 8 (22)
(HMX 80/ TNT 20) P 324
E, 1.33 r 2.97
Cyclotol D 8250 8241 8311 (14)
(RDX 77/TNT 23) P 313 300 305
po 1.743 T 3529 2m
Eo 4.17 r 2.79 2.94 2.95
Pentolite D 7448 7465 7740 (23)
(PETN 77/TNT 23) P 248 239 257
po 1.65 T 3623 3239
E, —23.24 T 2.69 2.85 2.84
ANFO D 4900 4894 a3n
(AN 94/Qil 6) P 60 52
po 0.8 T 2584
Eo —103.5 r 2.67

LHhiFnniie #BMr L <S5, LMLFigl &
Fig. 24 L A2 & 5 ICEH K o PETNBECIRERR
n 18 NFH n AINPE L D WIcREMIZIEV R
#5255, BERBEOBEMHENRBMA DD
T, Roa DL LABRER VA, Abel oX 2
MEHEH 0. 1g/cm L F OBRICHAT L vhbh
TWALHICEEENBETIEARILIKE DY
Lhdev, LaL, Fig 1 RUSFig 2 (277 L fzHornig
&% ¢ PETN m32Er {f 123E48 1~ 1. 75inch, I8 0.5
~1.5inch D@ NER THB S, BAELTES
POSBRAREBEOBRELVH C-JREFELHBLLL
DTHANE I hbhh6izw, X, nh9: LIEE,
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B4R oLz Table 3(b)iciR+ & 9 12 Mader!¥):
BKW &RV THM L fliiciEv . BMEERK D
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Table 3 (a) Detonation properties of nitromethane

I‘I(i'![f;);nethane ga:ajm. Experiment KHT BKW
NM 4T
Davis et al?? D (m/sec) | 6374 6355
po 1.159 P (kbar) 126.5+ 5.4 125
Ey —2756 148®’
T (K) 3255
Brochet et al®¥ D 6330 6346
po 1.156 P 123~1275° 124
Ey —2753 T 3257
NM 25C
Davis et al®" D 6290 6272
po 1131 P 1202 122
Eqy —2703 11v
T 3380¢ 3296
Brochet et al3®
Kusakabe et al**® D 6250 6260 6463
po 1127, 6260*
Eqy —27.03 P 121<} 120 130
T 37001 3284 3120

a) ; by inverse method of wood et al®*®
b) ; by Craig®®
¢) ; by inverse method of Manson3®
d) ; by author from KHT p-up curve (Fig.6) using Craig?® data
e) ; Mader#®
f) ; Kato of Poitiers3?
po (g/cm®) Eo (kcal/mole)

Table 3 (b) Calculated compositions of detonation
products of nitromethane.

al : 1
NM (CH,NOs) K(}cI:TJ) B(IE:V-VJ) K(}f(;r K)bar) E(ng:e'ﬁ::)t ’
H;0 1.4025 | 1.4780 0.878 0.88
CO, 0.2147 | 0.1662 0.303 0.26
co 0.1671 | 0.1895 0.517 0.55
N, 0.4%08 | 0.4981 0. 488 0.39
Hs 0.0669 | 0.0120 0. 302 0.29
0s 0.0000 | 0.0000 0. -
NH, 0.0183 | 0.0038 0.024 0.12
H 0.0002 | 0.0000 0. -
OH 0.0008 | 0.0000 0. -
CH, 0.0014 | 0.0002 0.143 0.03
NO 0.0003 | 0.0000 0. -
C (S) 0.6168 | 0.6421 0.037 0.05

a) ; at isentropic pressure of 10 kbar through C-J point
b) ; composition measured using a gold confinement by Ornllas3®
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Table 4 Variation of detonation velocity of nitromethane with initial temperature Ty and initial

pressure P.
[ Cp £ a (3D}aTo) po (8Df8Po) 1o
(m/sec) | (cal/g) (Mbar-') | (x103deg-') | (m/sec/deg) | (m/sec/kbar)
Davis et al® 1335 0. 414 66.9 1.158 —3.962 238
(KHT) - - — — (—3.964) (273)
Brochet et al® 1423 0. 418 62.1 1.19 —-3.95 197
(KHT) - - — - (—4.081) (247)

C;sound velocity «; compressibility

Table 5 Repulsive coefficents in KHT equa-
tion. All the data are fitted to agree
with measured Hugoniots less than
200 kbar except H, OH and NO.

1‘ 3/n (cmS( 1013 erg) S/n)

n=9 n=12 | n=15 | n=18
H,0 6.1 7.2 7.7 8.0
CO, 14.0 14.6 | 14.8 | 15.0
N, 9.8 10.6 | 1.3 | 12.1
H, 2.9 3.7 435 | 5.0
0, 9.2 9.7 | 10.1 10.5
NH, 9.1 10.0 | 10.5 | 11.0
OH 5.65 5.7 5.6 5.5
H 1.25 1.9 1.5 | 2.5
CH, 11.0 1.8 | 12.4 13.0
NO 9.15 | 10.1 10.1 |1z%

%) £1L.27TemE N OEBIZANTO.75g H 7— R
Stk BBLABRENLNTHS, BiEEh/E
ix C-J i@l & Vi3 Fig. 6 IZir L 1 P-Up iR
@ 10k bar {15 COLEGHRRIZIE . 1> HMX &
R BT LEVEOFBIC AN B E 3 kbarg
THT L bo 'R L LFCOHEIZL 5 PHFEMA
ISEWHAIREBEATYVS, LAL, RIL L HICKE
EREAL VT BARSENEBREAVLREICH
~RTCORHa B L ERT S, Zhids & Titsic
REENDSENKEET CHOBENRELEEL LBE
OHKICIEY . BEERAEOAROHTLIERMIE
Rog# 20 tms LTMETH D ARAM it
LR H CRABOBLCRARS L ORI LEET
B3LBENRHHEENRTVS,

Table 3, Table 6 {27k L 7= NM o328 {fi ¢ Craig®®
OFE L 18T S A% 141 kbar (23°C) L{EHTHV.
Davis 83 (38 L OB, T r=bY A, Kb
765 NM & R U R8Ok & AvT Wood®
WHC-JEREELWE LABBIZLIHGND

— 144—

Cp; specific heat

a; thermal expantion coefficient

Table 7 Measured detonation temperatures of
nitromethane and nitroglycerine

NM NG Ref.
3800 K 4023 K | Gibson et al® (1958)
3700 4000 Voskoboinikov et al®  (1960)
3380 3470 Mader et al ¥ (1961)
3380 Burton et al4® (1964)
3600 Dremin#’, Trofimov* (1969)
3513 Malaval et al ¥’ (1970)
3280 DeBlazi et al " (1975)
3300 Urtiew (1976)
3430+19/4259+ 36 | Burton ct al® (1981)
3700 Kato ct al 3 (1981)

Inverse g 276 NM o0 C-J E 17 12 126. 5+ 5.4 kbar
ThdE L, TOER, Davis® 2 C-J EEIRRA
DERERLI. LA L, &0 Petrone?®S % { oFF
2% i3 Craig o C-J [E S {fi i3 NM UG£ £ HR
LA L B 4T, Craig nREHIN & C-JHLIT
kbariz#3& L Tv 5. FHA OS2 Petrone §
OERISECHREEL TS,

4. & i

CHNO %2 %icxt+5 KHT R, R 44> W T
BELEZER, DFMEF Lo niifing 9L
Ba, HEMRBYRCBECH LTIkt 5%88E0
BN CERINE AHT 5. Lo, BEBEOH
I & ST L Ml L 238 E, R oESitEc s
HEH, nitIns 18 oL vRBAICHSNHM
a1z, X, 0.5g/ecm*LA T OFIAEG B N EVIRIRICH L
THLRIRENGHBVERELGLITEENDHS
WHhoat, LENSTonoffiizv{ 6L,
Xz CRHWEKHTANRYE L LOTHINE I 2
EVWIHIRICHVTR, BRCBEENTYRGRE
NWEHEPEEEBREOPBEHEORERSIZ LY
OTHELERENIFRTELY, LarL, ST
RF e BBEn ERE (B LEAFUSICHEL

IRARGS0



Table 6 Detonation properties of liquid explosives.

E -l Ref il BKW
xplosive Exp't. ef.
Param n=9 n=12 n=15 n=18
Nitromethane D 6290 (14) 6272 6281 6268 6252 6463
po 1.128 P 127 (27) 122 114 112 1110 130
Eo —27.03 T (Table 7) 3296 3488 3599 3682 3120
Nitroglycerine D 7580 (14) 7647 7999 7960 7994 7700
po 1.59 P 238 |(40)| 233 221 207 210 246
E, —89.02 T (Table 7) 3864 4216 4450 4668 3216
Nitroglycol D 7400 (41) 7484 7715 7680 7687
pe 1.48 P 204 202 191 187
E, —58.3 T 4400 4077 4466 4685 4836
Liq. TNT D 6590 (14) 6440 6475 6440 6417 6556
po 1. 4502 P 172 158 146 143 140 160
E, —2.64 T 3030 3587 3859 3996 4085 3055
Ethyl nitrate D 5800 (32) 5951 5955 5926 5893
po 1. 105 P (42) 103 99 99 97
Eo —45.45 T 3157 3117 3282 3385 3457 2661
3130
Methyl nitrate D 6750 (41) 6878 6916 6883 6867
po 1.217 P 145 147 137 135
Ey —37.2 T 4500 3734 4121 4274 4274
DEGDN D 6600 (32) 6845 6982 6961 6924
po 1. 380 P (42) 163 159 152 155
Ey —103.54 T gg;g 3298 3563 3699 3847 2768
N M/ TNM D 6570 (14) 6669 6712 6718 6719 6798
1/0. 071 mole P 138 140 136 133 134 153
po 1197 T 3480 3608 3910 4055 4183 3354
E, —26.4 4171 (31)
NM/ TNM D 6884 6946 6964 6979
1/0.12 mole P 156 150 150 147
po 1.235 T 4461 (31) 3832 4146 4333 4459
E, —26.0®
NM/ TNM D 6880 (14) 7018 7082 7036 7057 7094
1/0. 25 mole P 156 170 155 151 147 181
po 1. 309 T 3750 4271 4587 4762 4905 3998
Eo —24.8% 910 |@3D
NM/TNM D 6780 (14) 6865 69 6 6845 6921 6908
1/0. 5 mole P 168 171 154 149 143 179
po 1.396 T 3580 3687 4020 4218 4367 3248
E, —22.6™ 4390 €3))
TNM D 6360 (14) 6341 6502 6375 6429 6421
po 1.64 P 159 152 141 132 126 162
Ey 8.8 T 2800 1565 2026 2305 2496 1341
2830 | (31)
2840 | (43)
HN/Hydrazine D 8600 (43) 8246 9215 9427 9645 8682
79/21 wt. % 8580
po 1. 442 P 209 231 241 240 238
Ey —41.1® T 2900 2068 2298 2570 2733
HN/Hydrazine D 8025 (43)| 7691 8282 8220 8258 9393
30/70 wt. % 7870
po 114 P 169 161 164 149 145 227
E, 7.8% T 2180 1551 1773 1962 2074 1008
HN/Hydrazine/H,0 D 7480 (43 7146 7936 7996 80;
70[ 5. 9/ 24,1 vét. % 7750 ) %
po 1.384 P 186 168 175 167 163
Ey —132.64 T 4000 1493 1695 1927 2077

a) Eq; keal per 1 mole of NM and X moles of TNM  b); keal per 100 gram of mixtures
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The Study of Detonation Properties of High Explosives
Using the Intermolecular Potential Model. (V)
Detonation Properties of CHNO Explosives

by Katsumi TANAKA

¢

The applicébility of the Kihara-Hikita-Tanaka (KHT) equation of state has been
studied for CHNO explosives of various types. The appropriate value of the inter-
molecular potential conatant n in the KHT equation of state has been investigated
by comparing the calculated results with experimental values of detonation prop-
erties, especially with the detonation temperature which has been reported by
several workers as the brightness temperature. The constant n is the most effective
parameter for the calculation of detonation temperature, while at present it is
believed that there exist many uncertainties in the measurements of detonation
temperature. In this situation, the value of constant n ranges from 9 to 18 due to
significant deviations in measured detonation temperatures.

As a result, though difficult to determine accurately, it is most probable for n
to be 9 which gives the good agreement with measured detonation velocities and
pressures within 5 %.

(National Chemical Laboratory for Industry, Yatabe, Tsukuba, Ibaraki)

Kogyo, Kayaku, Vol. 44, No. 3, 1983 — 147 —






