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36pHaMHM QJIIOMUHUSA MOJIyJb ynpyroctu coctasuin or 110 mo 147 I'Tla, yto
COOTBETCTBYET JIMTEPATYPHBIM 3HAUECHUAM MOAYyJs ynpyroctu kpemuust (ot 100 go
140 I'T1a).

B pe3ynbrare npoBeieHHBIX HCCIIeIOBAaHUM ObLIH C/IeNIaHbl CIEAYIOIINE BBIBOIBI:
1. IIpoBeneHO BBICOKOTOYHOE MO3UIIMOHUPOBAHUE OCH MHJIEHTOpPA C ONTHUYECKOMN
OCbI0 CKaHMPYIOUIETO HAHOTBEPIOMEpPA, B pe3yibTaTe KOTOPOTO YCTAHOBJIEHO, YTO
CpeliHee OTKIOHEHHE MO OCU X cOoCcTaBWIIO 41,5 MKM € y4eTOM CpeTHEKBAIPATUIHOIO
OTKJIOHEHUS paBHOTO 0,8 MKM.
2.  YCTaHOBIIEHO, YTO ONTHYECKOE U300paKEHUE CTPYKTYPHI HCCIeayeMoro odpasiia
koMmmosunronHoro  matepuania  AK12+2,38%Cu+0,06%SiC, momydeHHOe Ha
MeTaIorpaguueckoM MHUKPOCKOIIE MMEET CXOJCTBO C KapTHMHAMU PaCHpeeIICHUs
napametpa ZOpt — mnpoduias TOBEPXHOCTH, IMOJYYEHHBIMH Ha CKaHUPYIOIIEM
HanoTtBepaomMepe «HanoCkau-3Dy.
3. OOnapyxeHbl  y4yacTKM B  oOpas3lie  KOMIIO3UIIMOHHOTO  Marepuala
AK12+2,38%Cu+0,06%SiC ¢ monxynem ympyroctu ot 380 mo 410 I'Tla, xoTopsie
MIPEANOJIOKUTETFHO MOKHO CYUTATh BKJIIOYEHHUSMHU KapOuja KpPEeMHHUS, YTO JaeT
BO3MOKHOCTh OIIEHHWBATh XapaKTep paclpeeieHus] 4acTull KapOuaa KpeMHHUsS B
CTPYKTYpE JIUTOr0 MaTepuana.
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Abstract

This paper presents the results of studies of operating parameters of pyrotechnic
batteries. This battery was activated by the pyrotechnic compositions contained in the
electrodes. Once the ignition impulse worked, the pyrotechnic compositions took fire
immediately and melted the electrolyte. Then the rest pyrotechnic compositions served
as anode and cathode. The battery began to discharge. The following characteristics of
pyrotechnic batteries were evaluated during the study: release time to operating regime
of the electric current, the duration of the pyrotechnic batteries work and initiation
temperature of pyrotechnic batteries. A detailed evaluation of the Mg/LiF/PbF;
electrochemical system and Zn/LiF/PbF; one is undertaken. Test results show that the
electric current value using powder of zinc and granular zinc in these experiments was
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0.179 A and 0.1 A, respectively, and the operating time at these values of electric
current was 40 and 151 seconds, respectively.

The studies revealed the influence of asbestos separator thickness in the
pyrotechnic batteries system. It was found that by decreasing thickness of asbestos
separator there is an increase in the electric current values. Obviously, this fact takes
place because increased thickness of the separator prevents the free passage of charged
particles produced in the course of the electrochemical reaction. During this work, the
operating parameters of the pyrotechnic batteries based on magnesium with 0.8 mm
thick asbestos separator were studied, such as: working electric current, voltage and
durability of a single galvanic cell. It was found that the running time of pyrotechnic
batteries 585 seconds with the value of the current 0.02 A.

Key words: pyrotechnic batteries, pyrotechnic material, cathode-anode cell.

Chemical power sources are divided into primary, secondary and reserve, as well
as electrochemical generators. Primary power sources (galvanic cells and batteries)
allow a single use of chemical energy. Some types of electrochemical cells and
batteries allow short-term re-use reagents after the recharging. Pyrotechnic batteries or
electrochemical generators on the basis of pyrotechnic compositions, represent a kind
of chemical power sources. Typically, pyrotechnic batteries include direct conversion
of chemical energy of pyrotechnic compositions of electrode into electrical energy. The
pyrotechnic compositions of anode and cathode comprise fuel, oxidant, and an
electrolyte, wherein the anode further includes a pyrotechnic charge with an excess of
fuel, and the cathode - with an excess of oxidant. The anode and cathode of pyrotechnic
batteries cells are divided by a separator and have contact to the metal plate to connect
the external electric circuit [1]. Such kind of source is capable of long time to be in
standby (passive) mode and to produce electrical energy only after initiation.

Such pyrotechnic batteries are able to continuously generate an electric current in
the form of short-term and long-term charge [2]. In contrast to the electrochemical cells
and batteries, in pyrotechnic batteries electrolyte during storage is not electrically
connected to the electrodes. Currently, pyrotechnic batteries are used in various fields
of technology: as electric power supply of spacecraft, in facilities operated in cold
places, hybrid automatic devices, etc. [3]. A number of advantages and opportunities
cause it, such as autonomy, small and the relative ease of manufacture [2]. As an
electrolyte material porous capillary membrane containing a liquid electrolyte, a
mixture of dry electrolyte salts or crystalline hydrates can be used [3].

Figure 1 shows a schematic diagram of pyrotechnic batteries.
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Fig.1. Principal scheme of pyrotechnic batteries.

The aim of this work is to develop a pyrotechnic battery, as well as the study of
the influence of the thickness of the asbestos separator on the current-voltage
characteristics of the obtained system.

Principal diagram of the setup is presented in figure 2.
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Fig.2. Principal diagram of installation.

To perform our research experimental setup was assembled, external view of it
presented in figure 2. As a case for cathode-anode cell, 25 mm in diameter and 30 mm
height alundum crucible was used. The separator was made of compressed asbestos
sheet with the thickness of 2 and 0.8 mm. The anode comprises the following
components (% mass wt.): PbF,, Mg, LiF, and a cathode made of a composition (%
mass wt.): PbF,, Al and LiF.
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Initiation of pyrotechnic composition was carried out by thermal heating in a
furnace with nichrome heating element. Reaction begins at high temperature in an inert
atmosphere (gas - argon). To provide an inert environment quartz reactor of 60 mm
diameter and 1000 mm in length was made.
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TBEPAbIX PAKETHBIX TOIIJIUB HA OCHOBE AN/MGAL
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B pabote ObuM HcClieIOBaHBI XapaKTEPUCTUKU TOPEHUS PAKETHBIX TOIUIMB Ha
ocHoBe Karamutudeckoro ropenus AN/MgAl ¢ no6asnenuem CryOs. JlobaBienue
Cr,O3; yayumaeT BOCIUIAMEHEHHME TP HHU3KHX JaBiieHusx. [lomumo 3Toro,
nobasnenue CroO3 yBeNIMUYUIIO CKOPOCTh TOPEHUS, MCIHOJb30BAaHUE MEXAHHUYECKOTO
crutaBa  MgAl B KayecTBE OKHMCIWTENIS TMO3BOJWJIO PAKETHBIM  TOIUIMBAM
BOCIIJIAMEHSTHCA MPU HU3KUX TemrepaTypax. OOpasibl CKUTAIM B KaMepe TOpeHus
nipu gaBiieHuu azora 1 Mlla, 3 MIla u 5 MlIIa ¢ moMo11ibto BUI€OKaMePhl ONPEIEIISLIH
CKOPOCTb TOPEHHS.

Komno3utHoe pakeTHOe TOIUIMBO — ATO TBEPJIOE PAKETHOE TOIIUBO C
reTepOreHHON (Pa3oil, COCTOAIICH M3 CHHTETHYCCKUX M TUIACTUYECKHX CBSI3YIOITUX
MaTpHIl, METAJUIMYCCKUX TOIUIMB W TOIUIMB CILIABOB METAJUIOB, KPHUCTAJTMYCCKUX
KOMITOHEHTOB. KOMITO3UTHBIC TBEpJbIC PaKETHHIC TOILJIMBA MOMEMIAIOTCS B Kamepe
rOpeHUs pakeTHOTO aBuraress. OHM SIBISIOTCS IBMXKYIITUM TOITABOM B KOCMHUYECKOM
anmaparype, TaKTUYECKHX, CTPATETMUeCKUX M APYTHX JIBUTATe]IeH B TEXHUYECKOU
chepe. B pakernpix TommBax Ha ocHoBe AN/MgAl B KadecTBE OKHCIHUTEIS
npumensiercs AN, B KadecTBe ToIUMBa mexanmueckuii cmiaB (50/50) MgAl, B
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