H3k H1H & # M H Vol. 3, No.1
1995 4 3 A ENERGETIC MATERIALS March,1995

- LASER INITIATION OF PRESSED
LIGHT-SENSITIVE EXPLOSIVE AND SHEETS

llushin M A Tselinsky | V Petrova N A
(S.-Petersburg Institute of Technology, S.-Petersburg, Russia)
Chernaj A V
(Ukrainian State Mines Acdderr;y. Dnepropetrovsk , Ukraine)

ABSTRACT The laser initiation characteristics of light-sensitive éxplosive charges
' and sheets was investigated because they are of interest as possible objects for study of
the mechanism of fast reactions in condensed explosives. The complex salts of d-metals,
i.e. , the transition elements with d-electron in their outer electron-shell, were taken as
examples in the study. It was found that this class of sa]ts“‘.‘iS extre}nely sensitive to laser
beam radiation, and the sensitivity of explosive sheets is clearly dependent on their thick-
ness, which supposes that there must exist some mechanism for localization of the laser
energy inside the explosive sheets. X
KEYWORDS laser initiation, light-sensitive explosive, threshould of initiation, d-

metal, critical thickness.

1 INTRODUCTION

,

Pressed explosives and explosive sheets with high sensitivity to laser beam radiation
are of interest as possible objects for the study of the mechanism of fast reactions in con-
densed explosives, For example, the threshold of initiation of pressed lead azide by Nd-
laser beam (wavelength 1060 nm) is near 0. 5 J/cm?, ':avhereas Pb(N,),;monocrystals are
more sensitive, having the threshold of initiation about 2 mJ/em* .

It is generally believed that the conception of laser initiation of explosives is based
on the idea of ignition at hot spots. Hot spots are structural defects or chemical impuri-
ties of a substance. The theory of hot spots gives the possibility to outline the process of
secondary explosive initiation. The critical energy of initiation of these compounds is
above ten times higher than that of primary explosives!). Unfortunately, this idea can
not explain the existence of low-threshold ignition of explosives (E<(0.1 J/em?), be-
cause the absorbed energy is unsufficient for heating ex'plosives up to the ignition tem-

perature. Some authors suggested to take into consideration the effect of radiation
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amplification of explosive particles in the charge. This point of view, however, fails to‘
explain the results of the investigation of Hagan and Chaudhri®™, where singie crystals
of lead azide revealed no increase of radiation in the crystals., '

Consequently, it seems important to search for new highly light-sensitive explo-

sives and t6 study their laser initiation. 7
2 LASER INITIATION OF PRESSED LIGHT-SENSITIVE EXPLOSIVES

2.1 Charges

Complex salts of d-metals are a very interesting class of light-sensitive explosives.
Our investigations have shown that it is necessary to solve several problems in order to
find novel highly light-sensitive explosives among complex salts of d-metals. These
problems are as follows;

(1) Choice of the central ion. We used cations of d—'metals with high ionization po-
tentials. '

(2) The nature of the outer sphere anion-oxidizer. We used perchlorate anion as an
effective oxidizing agent for inner sphere ligands as well as a new oxidizer for the com-
plexes, perchlorylamide-dianion.

(3) The type of inner-sphere ligands. Azoles have been used as ligands because
they have positive formation enthalpies and readily oxidized products of primary decém-
position. '

(4) The preferred colour of the complexes. Complexes must have a weak absorp-
tion at the wavelength of Nd-laser. The explanation of this demand when using short
pulses of Nd-laser is given in the paper'. ' .

. Accordingly, a complex of copper perchlo'ratevwith 3(5)-amino-4-hydrazino-1,2,4-
triazole ( 1) as a ligand has been synthesized as a result of solving these problems*).
Complex ( I) has the initiation threshold about 40 mJ/cm? by Nd-laser beam radiation
(pulse duration 25 ns). It is nearly ten times smaller than that of the pressed lead azide.
At the same time complexes of mercury perchlorate with 5-hydrazinotetrazole ( 1) and
of silver perchlorylamide with 5-aminotetrazole { 1) as ligands have the threshold of ini-
tiation several times lower than that of complex (I ). Complex (1) is the first repre-
sentative of a new class of coordination salts. Consequently, the extremely light-sensi-
tivity of metal azides is not unique, but is rather common due to fast reactions in prima-
ry explosives.

2.2 PBX sheets

Light-sensitive explosive sheets 0. 1~1. 5 mm thick) were also made and investi-
gated. The sheets contained light-sensitive metal complexes bonded by optically trans-
parent polymers. It was shown that thick sheets had lower thresholds of initiation as

compared to pressed complexes (Fig. 1), whereas thin sheets had higher thresholds of
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initiation. It was found that there exists some critical thickness of the sheet. The sheets
thinner than the critical thickness could not be initiated even by laser beam radiation
with the energy 15 times higher than the thresholds of initiation of thick sheets (Fig. 2).
We did not observe any decomposition of the complexes in these thin sheets. Supposed-
ly, the surface of the sheets influences not only the combustion process developing from

ignition spots but also the spots formation.
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Fig.1 Relationship between critical initiation Fig. 2 Relationship between critical initiation
energy {(E.) and mass fraction (C.) of energy (E.) and the mass of explosive (M.)
polymer in explosive ( I ) sheets ( 1) sheets (laser beam diameter 4. 7 mm,
(laser beam diameter 4.7 mm) 10% of polymer)

. -

3 CONCLUSIONS

It has been found some complex of transition metal salts is a new class of explosive
extremely sensitive to laser beam radiation.

A clear dependence of sensitivity of explosive sheets towards laser initiation on their
thickness has been established. Consequently, some mechanism for localization of the

energy of a laser beam inside the explosive should exist.

REFERENCES

1 Hagan J T, Chaudhri M M. J. Mater. Sci. » 1981,16,2457
2 Karabanov Yu F, Bobolev T K. Dokl. Acad. Nauk SSSR, 1981, 256(5):1152 (in Russian)
3 Alexandrov V L. ith All-Union Conf. on Detonation Reports. Moscow; 1988,2;132 (in Rus-



Tlushin M A.. et al, LASER INITIATION OF PRESSED LIGHT-SENSITIVE i

#m EXPLOSIVE AND SHEETS - | K

sian) o
4 Tlushin M A,et al. Workshop. Catalysis in Héfefocyc]ic Chemistry. Abstracts. Riga,1993,37.
5 Tlushin M A, et al. Energetic Materials (China), 1993,1(4) ;41

S ZAERIZS K AR

WE EXNGTRARFEEWERDA YA [, 3 A Nd W68 Gkrp R E 25ns)WE T =t
ﬁﬁmﬁﬂ&ﬂ:ﬁ%fﬁﬁﬂﬁ&%lfﬁﬂﬁﬁﬁgtﬁ*ﬁﬂ@ » 35)-WA-4-BHE-1,2, 4= EFH(1HHE
MRIB B LYY 40m) /om®, B MAL BTG NY 10 ) B WS TRHEE - 5-H- M4 R(1)DS5%EH
HRAMRARHRNBAHERERBE . FRER RAYSRE 10~30%?EEP§ SE. B #RER
i 418 30% B E ERRIAR. MEALEH(DE AREWEEY 1045, E HEHK FEH
& & (mg/cm®) B 3 T B9 B T R %iﬁﬁﬁﬁ%ﬂﬁﬁ_ﬂﬂﬁEﬂfﬁﬁt%%ﬁﬁﬁfﬁﬁ!ﬁﬂﬁﬁ@ﬁﬁlﬁ
RAZIHMNAR. EHRSRRGA L AR ERE THGH URBRAERR, A\HRBEEHHE
RERQEE, UG ST R, D ERTES A FSERMN 154, DRBRER, Elikd

AR TE MO B TE K 25 P I A B 3 (Localization) YL,
X8 ROCESE NHEND EEHMHE LR BREE



