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Abstract: The heating and ignition of pyrotechnic compositions KC104/Pb(CNS)2/PbCrO4 and Pb30./Si by CW
lasers in near-infrared range (0.98 and 1.56 pum) with fiber-optic radiation delivery has been investigated. The
dynamics of heating and ignition of these materials at different laser radiation power, from 0.1 to 10 W, has been
investigated. It has been established that the delay time of ignition depends on the pyrotechnic composition and on
the power and wavelength of laser radiation. Composition Pb3O./Si is heated up to ignition 5—8 times faster than
KCl10O4/Pb(CNS)2/PbCrOy. Ignition delay time is inversely proportional to the power of the laser radiation with
a power exponent of 1.4—1.5. Ignition time at a wavelength of 0.98 pm is 2—3 times shorter.

Keywords: laser heating; laser ignition; pyrotechnic compositions; initiating means; ignition; ignition composition

DOI: 10.30826/CE18110313

Acknowledgments

The work was supported by the Russian Foundation for Basic Research, grant No. 16-29-01072-ofi.

References

1.

Brish, A.A., 1. A. Galeev, B. N. Zaitsev, E. A. Sbitney,
and L.V. Tatarintsev. 1969. Mechanism of initiation of
condensed explosives by laser radiation. Combust. Explo.
Shock Waves 5(4):326—328.

. Kuratov, S., A, Serezhkin, and A. Chesnokov. 2015.

Fiziko-matematicheskaya model lazernogo detonatora
|Physico-mathematical model of laser detonator]. Fiziko-
khimicheskaya kinetika v gazovoy dinamike [Physical-
Chemical Kinetics in Gas Dynamics] 16(1). 9 p.

. Veselov, A.V., N.S. Fufachev, and V. P. Nazarov. 2013.

Lazernoe zazhiganie v ZhRD [Laser ignition in liquid
rocket engine|. Aktualnyie problemyi aviatsii i kosmonav-
tiki |[Actual Problems of Aviation and Cosmonautics]
1(9):50-51.

. Woods, S., M. Daka, and G. Flin. 2008. Volokonnyie laze-

ry sredney moshchnosti i ikh primenenie [Medium power
fiber lasers and their application]. Fotonika |Photonics]
4:6—10.

. Minaev, V. P, and K. M. Zhilin. 2009. Sovremennye la-

zernye apparaty dlya khirurgii i silovoy terapii na osnove
poluprovodnikovykh i volokonnykh lazerov. Rekomendatsii
po vyboru i primeneniyu [Modern laser devices for surgery
and power therapy based on semiconductor and fiber
lasers. Recommendations for selection and application].
Moscow: 1. V. Balabanov Publisher. 48 p.

. Ewick, D.W., T. M. Beckman, J. A. Holy, and R. Thorpe.

1990. Ignition of HMX using low energy laser diodes.

10.

11.

12.

14th Symposium on Explosives and Pyrotechnics Proceed-
ings. Oaks, PA: Franklin Applied Physics, Inc. 2-1.

McGrane, S.D., and D.S. Moore. 2011. Continuous
wave laser irradiation of explosives. Propell. Explos. Pyrot.
36:327—334.

Stacy, S.C., and M. L. Pantoya. 2013. Laser ignition of
nano-composite energetic loose powders. Propell. Explos.
Pyrot. 38:441—-447.

Akhmetshin, R., A. Razin, V. Ovchinnikov, ef al. 2014. Ef-
fect of laser radiation on explosives initiation thresholds.
J. Phys. Conf. Ser. 552(1):012015.

Gerasimov, S.I., M.A. Ilyushin, and V.A. Kuz’min.
2015. A laser diode beam initiates a high-energy mer-
cury perchlorate—polymer complex. Tech. Phys. Lett.
41(4):338—340.

Bachurin, V.N., A.K. Dmitriey, A.N. Konovaloy,
V.N. Kortunov, V.A. Ulyanov, and N.V. Yudin. 2016.
Nagrev i vosplamenenie porokha nepreryvnymi lazerami
blizhnego IK diapazona |Heating and ignition of gun-
powder by continuous near-IR lasers]. Chernogolovka.
114—119.

Bachurin, L.V., V.I. Kolesov, A.N. Konovaloy,
V.A. Ul’yvanoy, and N. V. Yudin. 2017. Nagrev i vosplame-
nenie e-GNIV nepreryvnymi lazerami blizhnego IK di-
apazona |[Heating and ignition of HNIW by continuous
near-infrared lasers]. Goren. Vzryv (Mosk.) — Combustion
and Explosion 10(3):76—81.

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2018 volume 11 number 3



A. K. Dmitriev, V. I. Kolesov, A. N. Konovalov, et al.

13. Bachurin, L.V, V.I. Kolesoy, A.N. Konovalov, 15. Kutuzov, B.N. 1992. Razrushenie gornykh porod vzryvom

V.A. Ul'yvanov, and N. V. Yudin. 2018. Heating of energet- [Destruction of rocks by explosion]. 3rd ed. Moscow:

ic materials by continuous-wave near-IR laser radiation. MGI. 516 p.

Combust. Explo. Shock Waves 54(4):461—471. 16. Graevskiy, M. M. 2000. Spravochnik po elektricheskomu
14. Ahmad S.R., and A. D. Russell. 2008. Studies into laser vzryvaniyu zaryadov VV [Handbook on electric explo-

ignition of confined pyrotechnics. Propell. Explos. Pyrot. sive charges explosives]. 2nd ed. Moscow: Randevu-AM.

33(5):396—402. 448 p.

Received August 6, 2018

Contributors

Dmitriev Alexandr K. (b. 1962) — research scientist, Federal Scientific Research Center “Crystallography
and Photonics,” Russian Academy of Sciences, 17A Butlerova Str.,, Moscow 117342, Russian Federation;
dmitriev_a62@mail.ru

Kolesov Vasily 1. (b. 1965) — Candidate of Science in chemistry, assistant professor, D. Mendeleev University of
Chemical Technology of Russia, 9 Miusskaya Sq., Moscow 125047, Russian Federation; kolesov2116@mail.ru
Konovalov Alexey N. (b. 1972) — Candidate of Science in physics and mathematics, senior research scientist, Federal
Scientific Research Center “Crystallography and Photonics,” Russian Academy of Sciences, 17A Butlerova Str.,
Moscow 117342, Russian Federation; ank27.ift@mail.ru

Tyurina Veronika S. (b. 1994) — engineer, D. Mendeleev University of Chemical Technology of Russia, 9 Miusskaya
Sq., Moscow 125047, Russian Federation; nika.turinal59357@mail.ru

UPyanov Valery A. (b. 1953) — Candidate of Science in technology, head of laboratory, Federal Scientific Research
Centre “Crystallography and Photonics,” Russian Academy of Sciences, 17A Butlerova Str., Moscow 117342,
Russian Federation; vaul595@mail.ru

Yudin Nikolay V. (b. 1971) — Candidate of Science in chemistry, assistant professor, D. Mendeleev University of
Chemical Technology of Russia, 9 Miusskaya Sq., Moscow 125047, Russian Federation; yudin@rctu.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2018 volume 11 number 3





