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Introduction. Ammonium nitrate represents the most large-capacity product of nitric industry,
widely used as a fertilizer and as an oxidant at energy condensed systems (ECS), including industrial
emulsion explosives (IEE) for the mining industry.

The experience of emulsion explosives’ use to break rocks shows that these systems are as effec-
tive as TNT explosives, but have much efficiency and significantly higher safety level at the same time
that their explosion products are more environment-friendly.

Literature review. Well known is [1...3] that the IEE do represent highly concentrated inverse
emulsions of nitrate salts’ water melts in the fuel phase, sensitized with microspheres or gas bubbles.
It has been found that most of IEE properties are determined by emulsion dispersion, which increases
concurrently to increase of “oxidizer — fuel” boundary surface that provides the system’s high sensi-
tivity and detonation characteristics [1...3]. However, dispersion increasing the system failure thermo-
dynamic probability also does increase.

ECS emulsion base preparation consists in emulsification of inorganic oxidizing salts’ highly concen-
trated water melts (85...90 %) in fuel phase. However, when IEE application temperatures (10...70 °C), the
emulsion dispersed phase represents a supersaturated solution that creates salts crystallization and emulsion
breaking conditions, and, consequently, involves the ECS detonation capacity loss.

Aim of the Research. To obtain a stable high-dispersion emulsion through well-argued selection
of the nature and concentration of the oxidizer phase, fuel phase and emulsifier, as well as the emulsi-
fication method.

Main Body. The modern emulsion explosives do use as an oxidant the ammonium nitrate
(NH4NOs3) sodium (NaNQO;) and calcium nitrates (Ca(NOs),). Calculations show that by the excessive
oxygen index determined by the so-called oxygen balance (OB) [3], the calcium (OB=48,8 %) and
sodium (OB=47 %) nitrates are significantly superior over the ammonium nitrate (OB=20,0 %). Thus,
to obtain a balanced redox system used as oxidant for sodium and calcium nitrates we must increase
the emulsion content in fuel phase that allows a greater thermal expansion of the ECS explosive effect.
However, the total replacement of emulsion’s ammonium nitrate with the calcium or sodium nitrates
is not effective as under thermal decomposition these nitrates do form solid products that reduces the
amount of gases released by IE explosion and respectively blast effect [4]. At the same time, using
only ammonium nitrate (AN) as an emulsion systems’ oxidant requires maintaining high process tem-
peratures when IEE manufacturing.

As ECS component, the water represents a salts’ solvent and the base to form a dispersed fluid
system that provides producing an IEE convenient for pumping into the well with high throughput.
The water content in such emulsion depends on the IEE application and type [1, 2]. For liquid emul-
sion systems purposed for both open and underground mining, the water content is within range
of 14...18 % by weight. Case of packaged systems used for underground works, crushing of oversize
mining product or when used as a detonator cartridge, the water content is limited to 6...9 wt.%, that is
explained by water peculiarities as a system component.

Water increases the energy condensing system density and, forming an incompressible liquid
phase, maintains a high detonation velocity. Increasing the water content makes the emulsion system

DOI 10.15276/0pu.2.44.2014.32

© LL. Kovalenko, V.P. Kuprin, 2014

XIMIA. XIMTEXHOJIOI'TA



192 . . . . ISSN 2076-2429 (print)
[Ipani Ozmecpkoro mosniTexHIiYHOTO YHIBepcHuTeTy, 2014. Bum. 2(44) ISSN 2223-3814 (on line)

safer by reducing its sensitivity to impact, friction, sparks, etc. However, the chemical inertness and
the explosion energy losses for water evaporation do lead to a decrease in IEE explosion efficiency: the
ECS water content 1 wt.% increase results in the explosive system efficiency decrease of 1,7 % [5].

Thus, the optimum water content and oxidant composition are major issues for controllable prop-
erties ECS emulsion technologies.

Results. Fig. 1 shows the crystallization onset temperature (#.) for binary oxidizers’ solutions
with water content of 17 wt %., that corresponds to the emulsion water content of 15...16 wt.%. The z,,
values are established in accordance with GOST 18995/5-73.
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Fig. 1. Crystallization onset temperature for systems “Ca(NO;),— NH,NO; — H,O"” (a)
and “NaNO; —NH/NO; — H,O” (b), with water weight content of 17 %.

As we can see from Fig. 1 the Ca(NOs;), adding to the NH4NOj; solution involves a continuous
decrease in t., as opposite to NaNQOs;, in which case we observe ax extreme increase in ¢, when the
sodium nitrate content exceeds 20 % by weight. Such dependency can be explained by low solubility
of NaNO; compared to Ca(NO3),, which effect finds a specific feature expressed with ionic hydration
energy: Na* (AG=—824,4 kJ/mol) and Ca*" (AG=—2405,0 kJ/mol) [6].

Thus, to reduce the liquid IEE oxidizing solution #.. we can use both Ca(NQO;),, and NaNO; (in an
amount never exceeding 20 wt.%). However, when transition to packaged ECS, which should have
improved detonation properties, achieved mainly due to lower water content, use of NaNOs; is imprac-
tical due to its low solubility (176 g in 100 g water at 100 °C).

Thus, it is necessary to study the solubility of “Ca(NO;), — NH4;NO;” system at water content of
6,0...10,0 wt.%. Considering that the dispersed phase (melt nitrates) concentration in the emulsion sys-
tems’ composition is within 90...92 wt.%, we determined the crystallization onset temperature for cal-
cium and ammonium nitrates’ binary solutions containing 6,6...9,9 wt.% of water, that corresponds to
a water content of 6...9 wt.% for an emulsion with disperse phase concentration of 91,0 wt.% (Fig. 2).
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by weight, have high stability and resistance to crystal-

systems “Ca(NOs),— NHNOy — HxO” lﬁzation, as evidenced by X-ray diffraction data and op-
with water weight content of: 1 — 6,6 ; tical measurements [3]. i

2 77:3—88:4—99 One of the key requirements to packaged IEEs,

along with high stability, consists in stable detonation

Fig. 2. Crystallization onset temperature for
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of small diameters (32 mm or less) that allows D.mis
charging such ECS packs in holes when under-
ground mining. In this connection of a special gggg X o
interest would be to clarify the effect onto the 55, N \\
IEE critical detonation diameter, sensitivity and  5p4¢ S~ )
detonation characteristics, when introducing cal- 5220 Dt
cium nitrate in the oxidizer. 5200 3>‘ t \‘\.
The source [7] does suggest an approxima- 5180
tion model for the description of energy- 51'600 10 20 30 20

condensing emulsion systems’ detonation de-
composition based on two-polytropic approxima-
tion by L.D. Landau, K.P. Stanyukovich [4]. The
model allows calculating the ECS main detona-
tion characteristics: ideal detonation velocity (D),
critical diameter of detonation (d.), relative effi-
ciency (f) etc, depending on the components’
composition and chemical nature, as well as on
the IEE porosity. Since the ECS emulsion base is insensitive to any initiating impulse, it is sensitized
due to “gas-filling” the hollow microspheres or gas bubbles. When calculation we does mean the po-
rosity as a parameter defined with volume fraction of IEE gas inclusions.

Fig. 3 represents the calculated data of the detonation velocity dependence from the mass fraction
of nitrate, replacing the ammonium nitrate as IEE component [8].

From Fig. 3 we observe that the speed of the detonation process propagation at IEE based on the
ammonium nitrate monosolution, given the consideration systems have same structure, is always high-
er than at IEE with the oxidant binary composition. The same applies to the performance of emulsions
(Table 1) within porosity range of practical interest [9].

Content ammonium nitrate, wt.%

Fig. 3. Changes in IEE detonation velocity with re-
spect to the degree of ammonium nitrate replacement
with calcium nitrate (2) and sodium nitrate (3) com-
pared to the IEE on the basis of ammonium nitrate
monosolution (1)

Calculated values of the relative performance and the critical diameter of IEE based on 1 — AN monosolution;
2 — binary solutions of ammonium and sodium nitrate; 3 — ammonium nitrate and calcium

IEE porosity 0,20 IEE porosity 0,25
Parameters 1 > 3 1 5 3
G 51,7 52.1 15.6 38.1 38,5 12,0
(d,,), mm
. 0,769 0,736 0,759 0,751 0,731 0,739
performance (f)

The relative performance of systems shown in the table has been estimated respectively to the
standardized TNT-containing packaged explosive Ammonite No.6-ZhV.

As the table shows, for the packaged emulsion explosives with d; below 32 mm in quality of the
dispersed phase it should be used a binary oxidizing solution containing mixture of ammonium nitrate
and calcium nitrate, in an optimal ratio corresponding to salts crystallization minimum temperature.

These data are confirmed with the results of research presented in [10], according to which the
ammonium nitrate replacement with calcium nitrate resulted in a slight IEE efficiency decrease
(about 2 %). A similar substitution with sodium nitrate leads to efficiency decrease of 7,5 %.

As a result of complex research designed are the packaged IEE of “UKRAINIT-P” mark (Pa-
tent UA 63689). Under the conditions of the “Promvzryv”, CJSC (Zaporizhia, Ukraine) landfill we
manufactured and tested UKRAINIT-P cartridges with emulsion water content of 6...9 wt.%. The ex-
perimental detonation velocity measurements show that with decreasing water content of 1 % by
weight, the UKRAINIT-P cartridges’ detonation velocity is increased by 100...150 m/s reaching Ammo-
nite No.6-ZhV (D=4900 m/s) characteristics. Reducing the water content below 6 % by weight is not prac-
tical because it such case the IEE obtaining process requires technological temperatures above 105 °C.
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Conclusions. This article exposes the ammonium nitrate-based oxidizer’s determining influence
on technological and detonation parameters of emulsion explosives. We established that the sodium
nitrate use as an oxidant in the composition of packaged systems is limited by its solubility character-
istics and decreased IEE detonation. It has been found that for obtaining packaged IEE of diameter 32
mm or less it is advisable to use as an oxidant the aqueous solution of ammonium and calcium ni-
trates’ mixture of following composition, wt.%: H,O 7,0...10,0; Ca(NOs), 27,5...31,5; NH4NO;
58,5...65,5. It has been observed and confirmed that a decrease in the water content of 1,0 % by
weight concurs to the detonation velocity increasing by 100...150 m/s.
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AHOTALIA / AHHOTALUA / ABSTRACT

LJI. Kosanenxo, B.Il. Kynpun. IlaTpoHOBaHi eHeproKoHAeHCOBaHi cucTeMH. Bulip koMnoHeHTiB okucHuka. Po3r-
JSIHYTHH BIUTMB CKJIaJy OKHCHHMKA HAa OCHOBI aMiayHO{ CENIITpHM Ha TEXHOJIOTIYHI Ta JETOHALiIHI IapaMeTpu eMyJIbCiHHIX
CHEPrOKOH/ICHCOBAaHUX CHUCTEM Il TipHHYOI mpomuciioBocTi. ITokazaHo, 110 BUKOPHCTAaHHS y CKJIaJi OKMCHHMKa HaTpii
HITpaTy OOMEXEHO MHOro PO3YMHHICTIO 1 3HIDKCHHSM JETOHAIL[IMHUX XapaKTePUCTUK EHEPrOKOHJICHCOBAHUX CHCTEM.
BcraHoBieHO, 10 Ul OJEpKaHHS BHCOKOS()EKTUBHMX IAaTPOHOBAHUX CHCTEM SIK OKHCHHK HEOOXIiIHO BHKOPHCTOBYBAaTH
BOZHMI PO3YMH HITPATIB aMOHIIO Ta KajibLilo npu BMicti Boau 7,0...10,0 % macc. TToka3aHo, 110 3i 3MCHIICHHAM BMICTY B
cuctemi Boau Ha 1,0 % Macc. IIBUAKICT JeTOHALIT €HEPrOKOHAEHCOBAaHUX cHcTeM 3pocTae Ha 100...150 m/c.

Kniouoei cnosa: eHEprokOHICHCOBaHA CUCTEMa, OKUCHHK, aMiadHa CeJiTpa, KaJbIlii HITpaT, BMIiCT BOJH.

UJI Kosanenxo, B.Il. Kynpun. I1aTpOHUPOBAHHBbIC YHEPrOKOHICHCHPOBAHHbIC CHCTeMbl. BbIOOP KOMIIOHEHTOB
OKHCIUTeNs1. PacCCMOTpEeHO BIMSHHME COCTaBa OKUCIHUTEINS HAa OCHOBE aMMHUAYHOM CEJIUTPHI HAa TEXHOJIOTMYECKHUE U JEeTOHA-
[IHOHHBIE IapaMeTPhl AMYJIbCHOHHBIX JHEPrOKOHICHCHPOBAHHBIX CHCTEM JUIs FOpHOI mpomsbiiuieHHOCTH. [lokazaHo, uTO
HCIIOJIb30BaHUE B COCTaBE OKUCIUTENS HATPUi HUTpaTa OrpaHHYEHO €ro PaCTBOPUMOCTBIO U CHIDKEHHEM JIETOHAIIMOHHBIX
XapaKTEPHCTHK YHEPrOKOHACHCHPOBAHHBIX CHCTEM. YCTAHOBIIEHO, YTO JUISI TIOMY4YEHHs BBICOKOI(Q(EKTHBHBIX MaTPOHUPO-
BaHHBIX CHCTEM B KayeCTBE OKUCIHUTENS HEOOXOAMMO HCIIOIb30BaTh BOAHBIN PACTBOP HUTPATOB aMMOHHS U KaJbLUs MPU
conepkannu Bons! 7,0...10,0 % macc. IlokazaHo, 4TO ¢ YMEHBIIEHHEM COIEpKaHus B cucreMe Boxasl Ha 1,0 % macc. cko-
POCTH JETOHAIMH YHEPTOKOHICHCUPOBAHHBIX cHcTeM Bo3pacTaeT Ha 100...150 m/c.

Kniouesvie crosa: SHEproKOHIEHCHPOBAHHASI CHCTEMA, OKUCIIUTENb, aMMHAUHAs! CETNTPa, KaIbLIHIT HUTPAT, COIEpKaHNe BOJIBL.

LL. Kovalenko, V.P. Kuprin. Energy condensed packaged systems. Oxidizer components selection. The influence
of the ammonium nitrate-based oxidizer composition on the technological and detonation parameters of the emulsion energy
condensed systems for mining industry has been considered. It is shown that the use of sodium nitrate as a part of oxidizer is
limited by its solubility and decreasing of detonation characteristics of energy condensed systems. It is found that for obtain-
ing of highly efficient packaged systems an aqueous solution of ammonium or calcium nitrate with water content 7...10 % by
weight should be used as oxidizer. It is shown that with decreasing of water content in the system by 1.0 % by weight the
detonation velocity of energy condensed systems increases by 100...150 m/s.

Keywords: energy condensed system, oxidizer, ammonium nitrate, calcium nitrate, water content.
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