Two New Correlations for Predicting Detonating Power of CHNO Explosives Bull. Korean Che20@¥/0l. 24, No.1 19

Articles

Two New Correlations for Predicting Detonating Power of CHNO Explosives
M. H. Keshavarz and M. Oftadeh

Department of Chemistry, Malek-ashtar University of Technology, Shahin-shahr P.O. Box 83145/115,
Islamic Republic of Iran
Received April 8, 2002

For CHNO explosives, two new correlations of the forea=P8.7(aT.)*?0°—5 and R;= 9.5(aT¢)*20>—9

have been demonstrated, which relate detonation pressgi@mRbustion temperature of the explosive in gas
phase, T. combustion temperature of the explosive in crystalline stgt@nd the number of moles of gaseous
products per unit weight of explosiwe,at initial density of the explosivgy. Experimental and semi-empirical
PM3 procedures were used for the computation.oDEtonation pressures derived in this manner have a
simple form without need to use computer code.
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Introduction method requires the explosive composition and loading
density as well as an estimate of the heat of formation as
Detonation performance of an explosive is measured bynput parameters.
detonation pressure, velocity and energy. The Chapman- In the present study, we present two new correlations for
Jouguet (C-J) pressure has been regarded as the principgiedicting the C-J pressure of a CHNO explosive from
parameter for determining detonating power of explosivescalculated parameters at various loading densities. The
Prediction of detonation pressure of various explosives anterrelationships between detonation pressure, combustion
various initial (loading) densities by this simple proceduretemperature, density and the number of moles of estimated
poses an important problem. Condensed explosives usualtietonation products are investigated. In particular, we show
have loading density in the range 0.2-2 dlciihe perfor-  that the approximate combustion temperature for a CHNO
mance of gas explosives is well established by the ideal gaxplosive in gas or solid phase together with an estimate of
equation of state (EOS), but performance of condensethe number of moles of gaseous products and density can be
matter can no longer be treated adequately by ideal gas EOearly tied to detonation pressure.
The development of EOS requires shock description and
detonation performance of the condensed matter. These  Estimation of Combustion Temperature and
include empirical and semi-empirical equations of state, Detonation Products
analytical representation of the thermodynamic properties of
dense fluids, and variational methods for computing the As a detonation wave traverses an explosive, the density
thermodynamic properties of a multicomponent multiphaseand temperature rise, which can lead to the initiation of a
mixture. The calculation of C-J pressures is usually performehemical reaction. Due to the complex interaction between
ed with EOS and a computer code, such as TIG&Rich  the shock wave and the chemical reaction of the explosion,
combines the Rankine-Hugoniot conservation equation, théhe chemical bonds of the molecules of the explosive can be
C-J condition, the laws of chemical equilibrium, the densitybroken by the energy of the shock wave. The hot gases and
and the heat of formation of the explosive. To determine theolid residues left behind continue to exert pressure.
shock and detonation performance of condensed matter, Retonation products generally contain a large number of
detailed knowledge of the EOS of detonation products isnolecular species. The concentrations of these species
required. Some EOSs used to describe the explosive perfarthange with temperature and pressure. At the same initial
mance are reviewed by Abdulazeémmong EOSs the density for an oxygen-rich explosive, we can expect the
Becker-Kistiakosky-Wilson (BKW-EQS) is the most widely major gaseous products to be CO @0, N, and B. To
used®* Kamlet and coworkers introduced one empirical find a correlation for the detonation pressure as a function of
method for estimating the detonation pressure of an organihie number of moles of detonation products, it was
CHNO explosive at initial densities above 1.0 g/cc. Kamlet'snecessary to know the amounts and characteristics of the
products. Detonation products are a complex mixture that

*To whom correspondence should be addressed. Phone: +98-319ay consist of more tha_m one mixtu_re in more than one
522-5071, Fax: +98-312-522-5068 phase. Furthermore, their concentrations can change with
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pressure and temperature. Thus, at the first step, we assumgetonation pressur@, initial density andr are investigated.
that the products are limited to CO, £6,0, N, and H. a is a parameter that provides a rough estimate of the
For an oxygen lean explosive such as TNT, solid carbon isumber of gaseous products available per unit weight of
also one of the detonation products. This approximatiorexplosive. We expected that the formation of light gaseous
simplified our procedure, because it is not necessary to knodetonation products at high positive heat of formation of
the precise composition of detonation products. explosive increases the C-J detonation pressure. In Table 1,
The detonation pressure is related to the specific impulsthe stoichiometric decomposition reactions are written
produced by the compound used as a propellant. (Check tlessuming all nitrogen atoms are converted towlereas
following sentence for accuracy.) [There is a linear relation-oxygen atoms preferentially form,®& and otherwise CO
ship between the detonation pressure of an explosive and tiaad CQ. The remaining problem is how to useandT. as
density squared times the specific impdls@he energy two parameters that can influence detonation pressure to
released by a detonation reaction, which occurs in a vergredict the detonation pressure of an explosive. For simpli-
short time, is completely transferred to the products, whicleity and to exclude the crystal effects the heat of formation
leads to a rise in the temperature of gaseous products. Tloé the explosive in the gas phase was calculated from the
performance of an energetic material depends strongly on isemi-empirical PM3 proceduté.In this calculation, the
temperature in the combustion reaction. To find theexperimental heats of formation of the detonation products
combustion products temperature, we assume that the heme used. At a specified initial density, the relationship
of combustion of the explosive is used entirely to heat thdetween the mentioned parameters is investigated through
gaseous products and it is constant over the temperatuptotting the experimental C-J detonation pressure of differ-
range between the initial and final combustion temperature.ent CHNO explosives versus various combinationso of
We can write an expression for the combustion temperand T.. After the R; of different CHNO explosives versus

ature that satisfies the above requirements as fétlows (aTo)*?p? was plotted (see Figure 1), the following linear
S v AH relationship was obtained (correlation coefficient = 0.990):
V. .
2
T.=T - <M @) Pey=8.7(0Te)%pe” - 5 )

From Figure 1, one can conclude tha; & a CHNO
where AHy; is the molar heats of formation of the ex-explosive is predictable at various loading densities by a
plosive and gaseous produd@s(T) is the total heat capacity simple procedure.
of the detonation products, which can be obtained from As shown in Figure 2, if in our calculations, the experi-
JANAF thermochemical dathat or near the combustion mental heat of formation of solid state explosives is used, a
temperature]Ti and Tc are the initial (e.g. 298.15 K) and similarly linear equation can be found as follows (correlation
the combustion temperatures, respectively, a&nds the coefficient = 0.992):
stoichiometric coefficients in the decomposition reaction

[ n1/2, 2
(v is positive for the products and negative for the Pes = 9.5@Te) pv” = 9 (3)
explosive). whereT.' is the combustion temperature of the explosive in
crystalline state. The standard heat of formation of the
Correlation Determination unreacted explosives and their combustion temperatures are

given in Table 1. The experimental data to obtain Egs. (2)
Theoretical stoichiometric decomposition reactions forand (3) are listed in Table 2.
some well-known CHNO explosives and other necessary Correlations (2) and (3) have similar behavior in predict-
calculated parameters in order to obtain the correlations aiag detonation pressure. As shown, there is no need to know
given in Table 1. In this study, the relations between C-ihe heat of formation of the explosive in crystalline form in

Table 1. Parameters Used in Calculations

. . Gas phase Solid phase

Explosivé Reaction Products A (keal /mpol}’ T. (K) A, (keal /m?_)l); T () ad
DATB 6CO+2.5N+2.5H, -6.665 1962 -29.2 1747 0.0453
HMX 4CO+4N+4H,0 146.9 4077 17.9 3164 0.0405
TETRYL 7C0O+2.5N+1.5H+H,0 68.75 3126 4.67 2592 0.0418
NG 3CQO+1.5N+2.5H0+0.25Q -74.6& 4254 -90.8 4076 0.0319
NM CO+0.5N+0.5H+H,0 -16.04 2553 -27.0 2232 0.0492
PETN 3CQ+2CO+2N+4H,0 31.57 3808 -128.7 3542 0.0348
RDX 3CO+3N+3H,0 74.48 3750 14.7 3176 0.0405

aSee appendix A for glossary of compound names and chemical forfildasof formation calculated by PM3 procedigtandard heat of formation
of unreacted explosive at 1 atm and 298 K. Values listed taken from Dobratz and Crawfdhduth®ler of gaseous products available per unit weight
of explosive.
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500 — P.= B.7(uT.) %p- 5 r=0.890 Table 2 Experimental Chapman-Jouguet pressure at different
I i initial densities used in Egs. (2) and (3) for CHNO explosives
Explosivé po (g/cn) Pe; (kbar)
400 — / DATB 1.788 259.0
1 i HMX 1.90 393.0
P TETRYL 171 260.0
300 — // NG 1.5¢ 253.0
ol - NM 1.135 125.0
i | // PETN 0.48 24.0
200 | /// 0.9¢ 87.0
Py 1.67 300.0
- et RDX® 0.7C 47.8
il 0.95 95.9
100 — / 1.1C 121.6
- 1.2¢ 166.2
Wil 1.4€ 210.8
n I : I : I 1.8C 347.0
0 10 a0 a0 40 50 ®Measured values of detonation pressure taken from Dobratz and
(T p? Crawford [13] except were notetRef. [14].°Ref. [15].
ci f o
Figure 1. The experimental CJ Detonation Pressure (Table 2) Conclusion

versus @To)Y20? where heat of formation calculated by PM3

method is used to estimate the combustion temperature. The points . . .
are's NG: x HMX: © TETRYL: @ DATB: 0 PETN:A RDX: + In the present study, , the relationship between combustion

NM. temperature and the number of moles of gaseous products
per molecular weight of explosive has been shown to predict
Pc; for any CHNO explosive. In this simple method, there is
no need to have accurate composition of detonation
P products. It is assumed that the gaseous products are limited
to CO, CQ, H,O, N,, and H. As shown in Table 1, it is
preferred that a pair of oxygen atoms available can be used
| to form CO+HO instead of CexH,. In particular, the
experimental heat of formation of the explosive or the
computed value using the PM3 procedure alone without the
Pe correction for crystal effects is used to calculate the com-
bustion temperature to determine the detonation pressure.
200 / The advantages of the new correlations are: 1) simply
calculated input data, 2) estimation of the detonation pro-
perties of an explosive over a wide range of loading density
100 3) for the determination of the detonation performance the
heat of formation in gas phase or solid state can be used 4)
there is no need to know the accurate composition of
detonation products.

500 — P.= 9.5(uT.)"p2- 8 r=0.992
400

300
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versus @Tc) 2%, where experimental heat of formation is used to

estimate the combustion temperature. The parameters and points .
are defined in fig. 1. Appendix A. Glossary of compound names

1. DATB: 1,3-diamino-2,4,6-trinitrobenzenesfdsNsOs)
using Eq. (2). Detonation velocity of any unknown explosive 2. HMX: cyclotetramethylene tetranitramines{sNsOs)
can be readily determined from detonation pressure at any 3. TETRYL: N-methyl-N-nitro-2,4,6-trinitroaniline ¢ElsNsOs)
loading density? Therefore, the correlations obtained in this 4. TNT: 2,4,6-trinitrotoluene (f1sN30s)
work can be used to determine the performance of any 5. NG: nitroglycerine (€HsNzOo)

CHNO explosive, regardless of whether the experimental 6. NM: nitromethane (CHNOy)
heat of formations of explosives in the crystalline state is 7. PETN: pentaerythritol tetranitraminest{sN4O12)
known or not. 8. RDX: cyclomethylene trinitramine §8sNsOs)
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