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Static Charge Development on Explosives
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ABSTRACT

Static charge development character of some of the important
explosive crystals have been predicted on the basis of their crystal class
and symmetry. Among the ifnportant mechanism of charge
development, the piezoelectric and pyroelectric characters have been
considered. Ammonium trinitrate, ammonium nitrate,
m-dinitro-benzene, trinitro-toluene, styphnic acid, f-lead styphnate,
4,4’ dinitro-diphenyl, a-hexamethylenetetranitramine, nitroguanidine,
picric acid, dimethylnitramine, a-lead azide and f-lead azide are
pyroelectric in nature, whereas pentaerythritol tetranitrate, picryl
iodide, s-hexamethylenetetranitramine, tetranitromethane and
trinitroethane are piezoelectric in nature.

1. INTRODUCTION

One of the main causes of accidental explosion is static electrification'* which
may be generated externally or internally within the explosives. When the most widely
used explosive nitrocellulose is handled, its particles are found to cluster together due
to static charge development. Much work has been reported from safety consideration,
to evaluate static charge on initiators like lead a21de:5 lead styphnate® and high
explosives’'?. Boyle'!, Moris'> and recently Berger” have shown that primary
explosives are most sensitive to static charge and require only a spark of 106101072
to cause ignition but secondary explosives require a mmimum spark energy much
above 0.02 J to cause ignition.

The development of charge on insulators like organic explosives having very high
electrical resistance may bg¢ the most basic property'* when it is deformed by external
force or impact. Even a single crystal of sodium chloride which belongs to symmetric
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class generates' a static field of 1.1 V/cm under one kg/cm? pressure. Many explosives
crystallise in structure of low symmetry and some of them with a direction of permanent
polarisation possess'® piezoelectric or pyroelectric character. When these crystals are
subjected to slight temperature fluctuations they develop static charge due to
pyroelectric property.

To follow proper safety precautions in the manufacture of explosives,
crystallisation process, storage, handling, etc., it is essential to know the cause of
static charge development of each explosive. In the literature, no such detailed report
is available about the group of explosives which are pyroelectric or piezoelectric in
nature. A knowledge of the crystal structure permits to predict the possibility and
nature of static charge development character. This paper presents a list of a good
number of explosives which are piezoelectric or pyroelectric in nature on the basis of
their crystal class and point group symmetry-available in the published literature!’.

2. DISCUSSION

The structure of a crystal, viz. its class and symmetry, is the most important factor
for determining its physical properties along different crystallographic directions.
According to Neumann’s principle’®, there is a correspondence between the
geometrical form and physical properties of a crystal. If a crystal is symmetrical with
respect to a point, the body is centro symmetric, thereby devoid of polar properties
and hence no piezoelectric property can be observed in any of the eleven centro
symmetric classes. Thus with one exception of cubic hemihedral, 432, all classes devoid
of centre of symmetry are piezoelectric and those with a permanent direction of
polarization are pyroelectric in nature. A substance with pyroelectric character
necessarily possesses piezoelectric property.

On the basis of Neumann’s principle, if the class and symmetry of a explosive
crystal is known, the basic cause of charge development can be easily predicted. The
crystal class and symmetry of a good number of explosive compounds are shown in
Table 1. It is observed that a considerable number of explosive crystals possess
structural asymmetry and amongst them some crystals possess permanent direction
of polarisation.

A cursory glance at the table indicates that many of the explosive compounds
belong to the orthorhombic system. In this class, crystals with point group mm2
symmetry are pyroelectric and those with 222 symmetry are piezoelectric. Ammonium
nitrate, m-dinitrobenzene, trinitrotoluene (TNT), nitroguanidine,
a-hexamethylenetetranitramine (a-HMX), picric acid and a-lead azide belong to this
class with mm2 symmetry. All of them are both piezoelectric and pyroelectric in nature.

In the monoclinic system, crystals with symmetry 2 or m belong to both pyroelectric
and piezoelectric class. Ammonium trinitrate, dimethylnitramine and g-lead azide
have symmetry 2. f-lead styphnate, 4,4’ dinitrodiphenyl and one variety of f-lead
azide have symmetry m. All of them generate both piezoelectric and pyroelectric
charge.

In the tetragonal system, crystals with point group 4 and 4 mm are pyroelectric.
No explosive compound could be found in this point eroun. In this class. crvstals with
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point group 4, 42m and 422 are piezoelectric. Pentaerythritol tetranitrate (PETN)
and picryl iodide belong to this class with point group 42m and 422 respectively.

In the trigonal system, crystals with point group 3 and 3 m are pyroelectric and
those with point group 32 are piezoelectric in nature. Styphnic acid belongs to this
class with point group 3 m, and so is pyroelectric.

In the cubic system, crystals with point group 23 and 43m are piezoelectric.
Tetranitro methane and trinitro ethane fall under this category with point group 43m
and hence are piezoelectric in nature.

Table 1. Explosive crystals, their symmetry, piezoelectric and pyroelectric nature

5. Mo Explosive Morphology Point group Remarks

o-nitrobenzoic acid -
Ammonium trinitrate Pyroelectric
p-dinitrobenzene -
Trinitrotoluence'® -
P-lead styphnate Pyroelectric
4,4’-dinitrodiphenyl Pyroelectric
1, 5-dinitronaphthlene -
Ethylene nitroguanidine -

BSX -
BSX acetone -
BSX acetonitrile -
Cyclonite oxide -
B-HMX -
g-HMX _
Dimethylnitramine Pyroelectric
--.  p-leadazide Pyroelectric
17.  Tetryl® -
18. Ammonium nitrate Pyroelectric
19.  m-dinitrobenzene Pyroelectric
20.  Trinitrotoluene'® Pyroelectric
21.  Ethylenedinitroamine -
22.  Nitroguanidine Pyroelectric
23. RDX: . i -
24. 1,3, 5-trinitronbenzene -
25.  Picricacid Pyroelectric

26.  Mercury fulminate : =
27.  Strontium azide -
28.  a-leadazide Pyroelectric
29. Cadmium azide -
30. Ammonium azide -
31.  Ammonium perchlorate -

32. aHMX Pyroelectric

33, sHMX Piezoelectric
34. PETN ) Piezoelectric
35.  Picryliodide Piezoelectric
36. Copper azide -

37.  Styphnicacid Pyroelectric

38.  Tetranitromethane Piezoelectric
39.  Trinitroethane Piezoelectric

40. Cyanouric triazide -
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In hexagonal system, s-HMX possesses 622 point group symmetry which belongs
to piezoelectric category.

Thus the prediction of the charge development characteristic of explosive
compounds based on crystal structure supports the observations of Greenwood!® for
pyroelectric behaviour of picric acid. Maycock’s observation® on piezoelectric
behaviour of s-HMX and his prediction for TNT and PETN have also been
experimentally confirmed?. The crystal structure of RDX, tetryl and S-HMX suggests
it to be non-piezoelectric in behaviour which has been confirmed by the experimental
observations”?!. Ammonium perchlorate? belongs to the orthorhombic class with
space group D,,16 or mmm which is also non-piezoelectric in behaviour whereas,
Maycock® predicted it to possess this property. This prediction for charge development
character of explosives offers a guideline for carrying out further research in this line.

ACKNOWLEDGEMENTS

The authors are thankful to Padmashri N.S. Venkatesan, Director, ERDL for
granting permission to publish this paper.

REFERENCES

1 Fluckiger R., The electrostatic behaviour of explosives, In Sixth Symposium on
Chemical Problems Connected with Stability of Explosives, Kungalv, 13-17 June
1982, p.513.

Deane-Boddorff, R., Pit and Quarry, August (1976), 64.

Satyavratan, D.V. & Kirti, Current Science, 41 (18), (1972), 663.

Wagner, H.G., Pasman, H.J., Lewis, D.J. & Preuss, A.W., Discussion on
explosion hazards, In the Seventh International Colloquium on Gas Dynamics

of Explosion and Reactive System, Max-Planck Fuer Stroemung Sforschung,
Goettingen, (FRG), 24 August 1979, p.113.

S Hanna, Harry, A. & Polson, Jack, R., Investigation of Static Electrical
Phenomena in Lead Azide. TR. No. 98-A, (Mason & Hanger-Silas, Mason Co.,
Durlington, Iowa), 1967.

6. Rees, I.W., Thomas, W.D.E. & Ubbelohde, A.R., Static risk in lead styphnate,
ARD Explosive Report No. 411/43, UK, 1943.

7 Rees, J.W., Thomas, W.D.E. & Ubbelohde, A.R., Static Risk in Ordinance
Factories, ARD Explosive Report No. 401/46, UK, 1946.

8. Boyle, A.R. & Lewellyn, F.J., The Electrostatic Ignition of Guncotton,
Extra-Mural Report No. F-72/277, Communicated by CCRD, UK, 1944,

9. Maycock, J.N. & Grahenstein, D.E., Science, 152 (1966), 508.
10. Green wood, G., Z. Krist, 96 (1937), 81. :

Boyle, A.R. & Clearing, B.G., Ignition of Explosives by Static Spark, Ministry
of Supply (UK) Report, 1944,

12. Moris. G.. Engineering_. 164 (1947). 49.



13.
14.
15.

16.

17.

18.
19.
20.

21.

22

Static Charge Development on Explosives 25

Berger, B. & Gyseler, J., Chemical Abstracts, 108:97305n, (1988).
Wyatt, R.M.H., Electrostatic Hazards, Mintech ERDE, UK, 1968.

Gladkii, V.V., Kirikov, V.A. & Magatoev, V.K., Sov. Phy. Solid State, 20
(1978), 1648.

Cady, W.G., Piezoelectricity, Vol. 1, (Dover Publications, New York), 1964,
p.11, 19.

Henry-Brown, C.E. & Rotter, G., Science of Explosives, Part: II, (Ministry
of Supply, London), 1956, p.1038.

Burkardt, L.A. & Bryden, J.H., Acta. Cryst., 7 (1954), 135.
Cady, H.H., Acta. Cryst., 23 (1967), 601.

Raha, K., Studies on Single Crystals of High Explosives, Ph.D. Thesis,
University of Poona, 1982.

Bauer, F., Recherche d’um effect piezoelectrique sur des monocristan De
d’ hexogene et. d’ octogene, ISL-Bericht N28/68, 1968.

Choi, C.S., Prask, H.J. & Prince, E., J. Chem. Phy., 61 (1974), 3523.



