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Abstract: The possibility of development of charges on the base of powdered metal, magnesium and aluminum, for
thermoelectric modules of pulsed closed-type electricity generators is considered. The chemical energy is converted
into electricity when the charges are burned in air. The possibility to organize the effective diffusion combustion
of large diameter charges in the regime of natural diffusion of an oxidizer is demonstrated. As for magnesium, it
involves the use of combustion promoters. It is shown that complete combustion of the charge occurs without any
combustion promoter with a special charge design in which the oxidant is supplied to the metal body with natural
diffusion through special channels in the body. The excess nitrogen amount that reacts with the PAP-2 aluminum
and the mass fraction of nitride in the combustion products have been estimated.
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Figure Captions

Figure 1 Dependence of the surface combustion rate (a) and combustion completeness (b) on the sample diameter

Figure 2 Combustion of the powdered magnesium sample with 5 %(wt.) Fe2O3 additive: (a) primary combustion wave; and
(b) secondary high-temperature combustion wave

Figure 3 Records of thermocouples at combustion of powdered magnesium sample with 5 %(wt.) Fe2O3 additive

Figure 4 Schemes of channel charges: (a) with annular channel; (b) a composite charge; and (c) with cylindrical channels

Figure 5 The PAP-2 powder sample after burning in air: (a) a rectangular charge frame; (b) a cavity inside the frame; and
(c) a cavity inside the bulk cone with the ∼ 30-millimeter base

Figure 6 The nitrogen excess coefficient for reaction of aluminum with air as a function of the relative alumina mass in the
powder. The dotted line corresponds to the proportional use of both air oxygen and nitrogen

Table Captions

Table 1 Specific heats of combustion for metals

Table 2 Combustion parameters of powdered magnesium samples

Table 3 Combustion parameters of charges with annular channel

Acknowledgments

The study was completed in 2019 with financial support by FRC CP RAS within the state task on topic 44.8
“Fundamental researches on conversion of energy-intensive materials and the development of the scientific basis
for controlling these processes” (State registration number AAAA-A17-117040610346-5).

References

1. Snyder, G. J. 2009. Thermoelectric energy harvesting. En-

ergy harvesting technologies. Eds. S. Priya and D. J. Inman.
Boston, MA: Springer. 325–336. doi: 10.1007/978-0-387-
76464-1 11.

2. Shostakovskij, P. 2010. Termoelektricheskie istochniki
al’ternativnogo elektropitaniya [Alternative thermoelec-

tric power supplies]. Components Thechnologies 12:131–
138.

3. Zebarjadi, M., K. Esfarjani, M. S. Dresselhaus, Z. F. Ren,
and G. Chen. 2012. Perspectives on thermoelectrics: From
fundamentals to device applications. Energ. Environ. Sci.

5:5147–5162.

4. Krupkin, V. G., V. M. Shmelev, V. M. Nikolaev, and
S. V. Finjakov. 2019. Oxygen index of magnesium pow-

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2020 volume 13 number 1



Charges based on metal powders for a closed type thermoelectric generator

der. Russ. J. Phys. Chem. B 13(4):596–602. doi: 10.1134/
S1990793119040213.

5. Shmelev, V. M., V. G. Krupkin, V. M. Nikolaev, and
S. V. Finjakov. 2019. Stimulirovannoe diffuzionnoe gorenie
poroshka magniya v atmosfere azota [Ultimate condition of
burning the magnesium powder in nitrogen–oxygen mix-
ture]. Goren. Vzryv (Mosk.) — Combustion and Explosion

12(3):128–139.

6. Il’in, A. P., and L. T. Proskurovskaya. 1990. Two-stage com-
bustion of an ultradispersed aluminum powder in air. Com-

bust. Explo. Shock Waves 26:190–192.

7. Gromov, A. A., ed. 2007. Fizika i khimiya goreniya

nanoporoshkov metallov v azotsoderzhashchikh gazovykh

sredakh [Physics and chemistry of combustion of metal
nanopowders in nitrogen-containing gas media]. Tomsk:
Tomsk University Publs. 332 p.

8. Shmelev, V., and V. Krupkin. 2020 (in press). Termoelek-
tricheskoe preobrazovanie energii v ustroystvakh zakrytogo
tipa [Thermoelectric conversation of energy in closed type
decices]. Goren. Vzryv (Mosk.) — Combustion and Explosion

13.

9. Krishnan, S., N. K. Karri, P. K. Gogna, J. R. Chase,
J.-P. Fleurial, and T. J. Hendricks. 2012. Progress to-
wards an optimization methodology for combustion-driven
portable thermoelectric power generation systems. J. Elec-

tron. Mater. 41(6):1622–1631.

Received November 20, 2019

Contributors

Nikolaev Vladimir M. (b. 1975) — Candidate of Science in physics and mathematics, leading research scientist,
N. N. Semenov Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin
Str., Moscow 119991, Russian Federation; vm-nikolaev@mail.ru

Shmelev Vladimir M. (b. 1940) — Doctor of Science in physics and mathematics, head of laboratory, N. N. Semenov
Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991,
Russian Federation; shmelev.05@mail.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2020 volume 13 number 1




