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Abstract

The regularities of combustion of pyrotechnic composition depending on the content of nanoaluminum
have been studied. Chromatographic analysis for composition Ne2: AN-NA-DC-Mg was performed.

Flash point of pyrotechnic component was determined.
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Introduction

In the industry, gas generators are used to in-
crease the yield of oil and gas in the wells, which
provides thermal-gas-chemical processing of idled
oil and gas wells. In this case, disclosure of frac-
turing and cleaning of perforated hole from sludge
and paraffin in the pipe occur. There are known
gas-generating chemical compositions: NaClOsz —
oxidizer, liquid hydrocarbons such as kerosene,
diesel fuel, gas condensate, secondary industrial
and vegetable oils are used as fuel; NHsNO; — ox-
idizer, nanocarbon — fuel [1].

Lately when extraction of block stone people
try to use substances, which create the pressure in
the hole due to combustion reaction in deflagra-
tion mode, i.e. in the combustion mode or in the
low speed detonation mode [2].

Carbon containing nanostructured materials
based on mineral and vegetable raw materials are
developed at Institute of Combustion Problems

[3].

Experimental part

The mixtures were prepared with the differ-
ent ratio of components: granulated ammonium
nitrate (AN), nanoaluminum powder, depleted
material (10% bitumen + 90% used oil), dispersed
coal (DC), magnesium powder. The components
were weighed on electronic balances and thor-
oughly mixed in a phosphorus mortar. The mix-
tures were loaded into thick-walled pipe with di-
ameter 1,5 cm and height 22,7 cm. The burning
process was initiated from top of pipe with initia-
tor composition (50% Mg + 50% smokeless pow-
der Burning time of mixtures was measured using

stopwatch. The burning rate was measured by di-
viding height of pipe by the burning time.

Flash point of pyrotechnic component was
measured using optical pyrometer.

Gases formed in the results of burning of
mixtures were determined by using gas chroma-
tography of the brand «Crystal Chromatech
5000».

Results and their discussions

Pyrotechnic gas-generating mixtures based
on oxidizer and nano aluminum combustible addi-
tives were investigated. Burning rate depending
on the content of nanoaluminum was determined.
Mixture, Nel, mass, %: AN — 94; NA — 0,5; de-
pleted material (10% bitumen + 90% used oil) —
5,5%. Ammonium nitrate is granule, it was not
milled. The investigation was carried out 6 times
for each obtained result. Then it was chosen the
average value. Obtained data are presented in Fig.
1 (Table 1).

Burning rate of investigated pyrotechnic
mixture made up from 0,15 to 0,7 mm/sec.

Mixture Ne2, mass, %: AN — 84,5; NA — 0,5;
DC — 10; Mg — 10. Obtained data are shown in
Fig. 2 (Table 1). Burning rate of investigated
pyrotechnic mixture made up from 0,18 to 0,6
mm/sec.

As is seen in Figs. 1 and 2, the burning rate
of mixtures increases with increasing of the con-
tent of nano aluninum. While the gas generator is
working, the pyrotechnic mixture must burn in a
short time. Presented data shown in Table 1
showed that, the optimal mixture for pyrotechnic
gas generator are mixture Nel: AN — NA — deplet-
ed material, because this mixture has high burning
rate.
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Fig. 1. Dependence of the burning rate on the content of nanoaluminum in the mixture of AN — NA — depleted material

Table 1. Burning rate of mixtures depending on the content of nanoaluminum.

AN — NA — depleted material AN -HA - DC - Mg
Content of Burning rate, Content of Burning rate,
nanoaluminum, % mm/sec nanoaluminum, % mm/sec
0,05 0,15 0,05 0,18
0,1 0,25 0,1 0,28
0,2 0,39 0,2 0,39
0,3 0,51 0,3 0,44
0,4 0,65 0,4 0,53
0,5 0,7 0,5 0,6
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Fig. 2. Dependence of the burning rate on the content of nanoaluminum in the mixture of AN — NA — DC-Mg.

Flash point of pyrotechnic components was Table 2. Flash point of pyrotechnic components
measured in the one minute delay of the pyrotech-
nic mixtures. Results of investigation are shown in AN, T'C | Mg, T'C | NA,T C
Table 2. Flash point of mixture Nel AN — NA — 338 623 750
depleted material was measured, it is 351 °C in
the one minute delay. Construction of chemical gas generating car-

tridge are shown in Fig. 3. This construction in-
cludes a pyrotechnic mixture and water-resistant
latex shell.
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1 — safety fuse, 2 — cardboard casing

Fig. 3. Construction of chemical gas generating cartridge.

Chromatographic analysis was carried out for
mixture Ne2: AN — NA — DC — Mg — 10. Gases
formed while the gas generator is working include
following: methane, ethane, ethylene, propane,
isobutane, butane. The amount of formed gases
are not so much, as it does not exceed the maxi-
mum permissible concentration of harmful sub-
stances in the working area.

Gases obtained by blasting in the calorimeter
bomb was determined by using gas chromatog-
raphy. Results of investigation are shown in Table
3, Fig. 4.

As is seen in Table 3 and chromatogram, in
the results of investigation, there are not toxic
substances in composition of mixture such as car-
bon monoxide and nitrogen oxides.

Conclusion

In the results of investigation, the pyrotechnic
mixture in the composition of oxidizer and nano
aluminum combustible additives was obtained.
The burning rate of AN — NA — depleted material
is 0,7 mm/sec, which corresponds to the require-
ment of developed chemical gas-generating mix-
ture. Flash point of this mixture is 351 °C in the
one minute delay. Flash point of nano aluminum
was measured, it is 750 °C. The regularities of
combustion of pyrotechnic composition depend-
ing on the content of nanoaluminum have been
studied. In the results of chromatographic analy-
sis, it was found that there are not toxic substances
in the composition of gases such as monoxide and
nitrogen oxides.

Table 3. The calculation of the components of chromatographic analysis (AN-DC-NA-Mg)

Time, min. Component Area Height Concentration Unit concentration Amount
3,077 Methane 1304,002 540,155 0,000919 ml 1
3,275 Ethane 133,636 54,276 0,000050 ml 1
3,462 Ethylene 910,782 363,138 0,000384 ml 1
4,188 Propane 5,843 2,200 0,000001 ml 1
4,865 Isobutane 25,923 2,013 0,000004 ml 1
6,250 Butane 589,231 33,290 0,000070 ml 1
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Fig. 4. Chromatogramm of mixture AN- NA-DC-Mg.
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HCCJIEJOBAHHUE ITPOLHECCA CI'OPAHUS B XUMHUYECKHUX I'ASOI'EHEPATOPHBIX KA-
TPUAKAX (ITK) BCOCTABE KOTOPBIX HUTPAT AMMOHUA
N HAHOAJIIOMUHUEBBIE 'OPIOYUE JTOBABKH

3.A. MancypoB, M.HU. Tyaenos, 10.B. Ka3zakos, C. Typcunoex, ®.}0. Adapaxosa, /I.A. baiicenton

Wucrutyt npobiiem ropenus, yi. boren0aii 6areipa, 172, Anmarsl, Kazaxcran
Kazaxckuit HartmoHANBHBIA YHUBEpCUTET UMeHHU anb-Dapadu, mp. ans-Dapadu, 71, Anmater, Kazaxcran

AHHOTAUA
Bt m3ydeHBl 3aKOHOMEPHOCTH TOPEHHS MHPOTEXHHYSCKOTO COCTaBa B 3aBUCHUMOCTH OT COJACpIKaHUS

HaHoamroMuHus. [IpoBoaumm xpoMarorpadudeckuii anaim3 st coctaBa Ne2: AN-NA-DC-Mg. Brina onpe-
ACJICHa TEMIICpaTypa BCOBIIIKYA MUPOTEXHUYCCKOI'0O KOMIIOHCHTA.
KaroueBrble c10Ba: MUPOTEXHUKA, KOMIIO3UTHI, TOPEHUE, XpoMaTorpadus
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KYPAMBIHJIA HAHOAJTIOMUHUIJII )KAHFBIII KOCIIA )KOHE AMMOHMWI HATPATBI
BAP XUMMUSAJIBIK I'ABOT'EHEPATOPJIbI KATPUK/JIE (I'TK) ’)KAHY INTPOLHECIH 3EPTTEY

3.A. MaucypoB, M.U. Tyaenos, 10.B. Ka3zakos, C. Typcunoex, ®.}0. Adapakosa, /I.A. balicentoB

JKany npobnemanapsl HHCTUTYTHI, berenbaii 6ateip kemeci, 172, Anmatsl, Kazakcras,
On-Dapabu aTerHnarel Kazak yITTHK yHEBEpCHTETI, o1-DPapabu manrbutbl, 71, AnMatel, KazakcTan

AHHOTAUA

KypamblHaarsl HaHOATIOMUHUNTE OalIaHBICTHl MUPOTEXHUKANBIK KYPAaMHBIH JKaHY 3aHIBUIBIKTApHl 3epT-
tenmi. Ne2: AN-NA-DC-Mg kypamsl yIIliH XpoMaTorpadusuiblK aHaau3 xKypriziani. [InpoTexHuKaibK KOM-
IIOHEHTTIH JXKapK €Ty TeMIIepaTypachl aHBIKTAJIAbI.

Ty#inai ce3nep: MUpoTeXHUKA, KOMIO3UTTED, Kary, XpoMarorpadpus
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