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Introduction

Main component of emulsion explosives (EE) is matrix that is an
“water in oil” emulsion. Dispersed phase is a supersaturated aqueous
oxidiser solution, while continuous (oil) phase is a liquid (immiscible)
fuel and an emulsifier [1]. Other EE components include various agents
modifying its physicochemical properties. Usually ammonium nitrate
(V) mixed with sodium nitrate (V) or calcium nitrate (V) that modify
properties of aqueous solutions is used as oxidiser. They lower the
critical point of the solution and increase oxygen balance. Oxidiser
content is over 90%. Organic liquids forming or not forming solutions
with water serve as fuel. Solid fuels (both organic and inorganic) can be
also added to emulsion explosives; these are additional fuels to modify
explosive properties. Often used inorganic fuel is aluminium powder,
e.g. [2 — 6] which effect on selected detonation parameters of EEs is
presented in this work.

Experimental part

Experimental material

Matrix by AUSTIN POWDER, Hydrox U, viscosity 120,000
cP density 1.42 g/cm® and following composition, %: ammonium
nitrate (V) — 64.4; sodium nitrate (V) — 14.6%; organic phase —
6.0%; water — 15.0%.

Microballoons Expancel DE46IDET40d25 by Akzo Nobel: grain
size D(0.5) 35-55 um; density 25+3 kg/m? [7].

Flaked aluminium powder, aluminium content ~93% of grain size
100 um.

Milled aluminium powder BLITZ Aluminium DEPUVAL 3083
by BENDA-LUTZ:

* produced from aluminium of purity at least 99.7% Al

* surface width 29,000 cm?/g

* mesh plus fraction 45 um (—325 mesh) max. 0.8%

* average grain size 7 um (analysed before dust removal)
* bulk density 0.4 kg/L.

Aluminium Depuval is a dust-free coated aluminium powder
(Fig. ). This effect is obtained by adding 0.2% of inert additive to the
milling process. The powder may slowly react with water, which is
accompanied by hydrogen generation [8].

Fig. . Images _showing aluminium powders, on the left — DEPUVAL
aluminium; on the right - flaked powder [8]
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Detonation parameter measurement results

Detonation rate determined using method of short circuit
sensors. Explosives were placed in PVC envelopes of diameters
® =26 mm and ¢ = 33 mm (charges for optimisation
of microballoon content) and of diameters ®__ =50 mm and

wer = MM (400 g charges for measurement of blast wave
overpressure). The tested emulsion explosives were initiated with
ERG-type electric fuses.

The first phase of experiments involved measurement of
detonation rate for six different microballoon contents: 0.2%, 0.3%,
0.4%, 0.6%, 1.0% and |.4%. Test results are presented in Table |.

outer

Table |

Summary of changes in detonation rate and density for tested
charges to optimize the content of the microballoons

Microballoon content Density Detonation rate
% wiw g/em? m/s
0.2 1.28 = 0.0l no detonation
0.3 1.24 = 0.0l no detonation
0.4 1.20 = 0.01 5380 + 30
0.6 1.08 + 0.0l 5190 + 20
1.0 0.93 £ 0.0l 4650 + 20
1.4 0.80 = 0.0l 4130 =20

Density of tested materials decreases linearly for increasing
microballoon content in a tested range (Fig. 2), while detonation rate of
the EEs decreases also linearly (Fig. 3). Maximum rate was obtained for
sensitizer content of 0.4%. For lower content there is no detonation
of the explosive.
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Fig. 2. Dependence of density of tested EE
on microballoon content
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Fig. 7. Overpressure curve for 5% content of flaked
Then, detonation rate measurements were conducted for EEs aluminium powder
containing: microballoons — 0.4%, aluminium powder — 5 + 30%, rest

— matrix. Experiment results are showed in Figures 4 and 5.
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Fig. 5. Dependence of EE density on aluminium powder content
Fig. 9. Maximum overpressure of blast wave generated
by detonation of EEs of various aluminium powder content, 2 m
Measurements of blast wave overpressure were conducted using away from the charge

pressure sensors PCB Piezotronics, Inc., 137A series. Two sensors
were placed at distance 2 m and 2.5 m from the charge, which was

suspended at |.5 m above the ground. 65 -
Figures 6-8 present curves of blast wave overpressure recorded g0 4 *
for the selected EEs. While, the subsequent figures present obtained T e P
air blast wave overpressure (Fig. 9 and | I) and estimated pulses (Fig. [ A o
10and 12). % Ea *
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Fig. 10. Dependence of overpressure pulse on aluminium powder
content, 2 away from the charge
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Fig. 6. Overpressure curve for 0% content of aluminium powder
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Fig. I 1. Maximum overpressure of blast wave generated
by detonation of EEs of various aluminium powder content, 2.5 m
away from the charge
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Fig. 12. Dependence of overpressure pulse on aluminium powder
content, 2.5 m away from the charge

Estimation of thermodynamic parameters of tested EEs

Calculation methods

Numerical analysis comes to help in determination of degree of
conversion of aluminium powder grains in strict detonation zone,
between front of detonation wave, where explosive is compressed
(C-)) plane, where thermodynamic
equilibrium is shaped within formed conversion products. The
work presents also calculations of detonation parameters of tested
high-energy mixtures using MWEQ software, which methodical
bases are presented in [10]. Software determines chemical
composition and thermodynamic parameters of equilibrium state
of reactive mixture.

and Chapman-Jouguet

are based on extensive database of
characteristic thermodynamic properties of chemical substances
that may potentially occur in composition of conversion products.
The database contains values of enthalpy of formation and sets of
coefficients that allow to determine specific heat, enthalpy and
entropy asafunction of temperature. Calculation methods presented
in [10] allows to iteratively determine molar concentrations,
temperature, pressure, internal energy and other parameters of
the mixture for systems containing large numbers (dozens, above
100) of substances present in gas form and in condensed, liquid and
solid, phases.

The calculations

Product state corresponding to stationary value of detonation
speed is determined using Chapman—Jouguet hypothesis, which states
that in C-J plane entropy of reactive mixture is minimised.

Due to high pressures and temperatures in detonation products,
it is necessary to account for own volume of molecules on the form of
equation of state.

The conducted calculations used for description of non-
ideal properties of substances under high matter comprimation
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conditions, BKW equation of state was used. The application of BKW
equation for description of properties of combustion and explosion
products is presented more broadly in [| I]. Effect of nonideality in
the BKW equationis characterised by four constant parameters a.,
B, K and 6 and volume coefficients that characterise given chemical
substances, known also as covolumens(k). For calculations, BKW
equation parametrisation determined experimentally in paper [12]
was used.

Due to the presence of explosive sodium nitrate (V) in material
composition, it was necessary to include sodium compounds in
products. Fraction of the following substances was considered: Na(g),
Naz(g), NaH, Na,O, NaOH, Na, OH,, NaNOZ<g) NaNOz(g)v and in solid
phase NaZO(s), NaOH(S), NaZCOWAs the paper [12] did not consider
sodium contentin tested explosives, covolumensforsodium compounds
were approximated using the concept of geometric covolumens[|3].
Detailed estimations are presented in [14].

Calculation procedure

Numerical interpretation of parameters of tested explosive
mixture was conducted for two cases. In the first one it was assumed
that it is possible that total aluminium (Alakt) contained in powder
grains added to the explosive mixture can undergo conversion. In
the second, the contrary was assumed. It was assumed that in the
space between front of the detonation wave and Chapman-Jouguet
point the total material in powder grain, both metallic aluminium,
as well as AL, O, layer that encloses it are left as an inert component
(Alinert) that only absorbs the heat. The obtained results are
presented in tables (Tab. 2 and 3).

Table 2
Estimated EE parameters containing flaked aluminium powder
(purity 93% Al)
Aluminium powder
Characteristics of tested EEs c?mposmor'l adopted Calculation results
in calculations g/kg
of EE
Mass
. 2(g),
fraction | Puwy | Dy | o | AL A0, | Pe | Per |7 K| @ | mol
ofpowder kg/mi m/S akt. inert 23 ’ m/s MPa (<] M]/kg
. kgMW
in EE, %
0 1.177 |5460=160| - - - | 5340 | 8159 | 2237 | 2.688 | 43.572
4.6500 - ]0.3500( 5437 | 8436 | 2620 | 3.472 | 41.84
5 1.164 |5320170
- 4.6500(0.3500| 5175 | 7459 | 2177 | 2.564 | 41.37
9.3000 | - [0.7000( 5332 | 8254 | 2953 | 4.191 | 38.09
10 1.165 | 5070+60
- 9.3000 (0.7000| 4903 | 6619 | 2114 | 2.439 | 39.17
18.6000| - |1.4000| 5265 | 8768 | 3644 | 5.796 | 30.88
20 1219 |4790+140
- |18.6000]1.4000| 4606 | 599 | 1968 | 2.189 | 34.79
279000 - [2.1000{ 5226 | 8864 | 4267 | 7.361 | 24.21
30 1.272 14610180
- [27.9000{2.1000( 4260 | 5114 | 1803 | 1.934 | 30.45
where: p___ — density of explosive, D_ - detonation rate determined
oEE exp

experimentally, D, p., T, — detonation rate, detonation pressure
and temperature, respectively, determined for Chapman-Jouguet

point, Q — explosion heat, 2@) — volume of explosion products.
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Table 3

Estimated EE parameters containing aluminium powder Depuval

(purity 99.7% Al)
Aluminium powder
Characteristics of tested EEs| composition adopted in Calculation results
calculations g/kg of EE
Mass
fraction 2(g)
Pomw Dc- Pc-]' Qv’
of ?owder kglm® Dexp.' m/s| Al |AL_ | ALO, s | MPa TC_I,K Mykg .n:t:!/“
in EE, ! KgMW
%
0 1.177 |5460+160 0.00 | 0.00 | 0.00 | 5340 | 8159 | 2237 |2.688 |43.572
4.9850 |0.0000(0.0150 | 5433 | 8407 | 2649 |3.529 | 41.15
5 1.171 {5320+110
0.0000 | 4.9850(0.0150 | 5156 | 7379 | 2177 | 2.564 | 41.37
9.9700 | 0.0000 | 0.0300 | 5504 | 9001 | 3008 | 4.328 | 37.86
10 1.205 {5200+120
0.0000 | 9.9700| 0.0300 | 5049 | 7159 | 2109 | 2.440 | 39.17
19.9400{0.0000 | 0.0600 | 5320 | 9029 | 3760 | 6.068 | 30.47
20 1.223 | 4690+80
0.0000 |19.9400/ 0.0600 | 4631 | 5993 | 1965 |2.189 | 34.79
29.9100{0.0000 | 0.0900 | 5364 | 9237 | 4413 | 7.741 | 23.82
30 1.279 [4390=150
0.0000 [29.9100( 0.0900 | 4300 | 5210 | 1798 | 1.934 | 30.45

where: designations as in Table 2.

Summary

Aluminium powder is often used as an additive to blasting
explosives, rocket propellants and pyrotechnical products in order
to modify their properties.

Aluminium increases energy generated in combustion reaction
of rocket propellants, which results in increase in blast ability and
explosion energy of underwater explosives. Usually, aluminium
powder of micrometre-order grain size is used. There are also
available aluminium powders of large specific area and grain size of
nanometre order.

In case of ideal explosives, application of Al as an additive results
in decrease in detonation rate, which is due to chemical inertness of
aluminium particles in chemical reaction zone which is behind front of
detonation wave. High-energy oxidisation reaction of Al occurs only
in detonation product zone. High amounts of energy generated at
this stage improve air parameters of blast waves. Additionally, some
aluminium is oxidised with oxygen from air. This after-burning effect in
used in thermobaric ammunition.

Use of aluminium powder in non-ideal explosives gives rather
different results. Let us consider ammonium saltpetre-based materials
of ammonal group. Aluminium powder there serves as a sensitizer
in order to sensitize ammonium nitrate and improve its detonation
parameters. As aluminium powder content increases, detonation rate
increases also, while critical diameter decreases. This is due to the fact
that aluminium serves as a fuel for the other mixture component —
ammonium nitrate (V).

Emulsion explosives that are mixture of oxidisers, fuels and other
additives, in this case behave as ideal explosives. Addition of aluminium
powder results in decrease of EE detonation rate, and as aluminium
contentincreases, parameters of air blast waves improve; however
to a smaller extent that for molecular explosives.

Estimated values confirm idea of analysis of detonation
parameters adopted in assumptions for conducted numerical
analysis. Values of detonation rate are obtained for the assumption
that detonation rate is defined by thermodynamic equilibrium
state, which is reached in gaseous detonation product, are close
to experimentally obtained values.

High explosion heat, with assumption of complete conversion of
aluminium, confirms suitability of aluminium powder as energizing
ingredient for explosive mixtures. At the same time, consistence
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of experimental data with data calculated with the assumption of
inert role of powder grains in processes occurring between front
of the detonation wave and Chapman-Jougueta point confirms
the hypothesis of extension of aluminium powder reaction time in
comparison to processes occurring in the gas phase, whichdetermine
experimentally measured values of detonation rate.

For high powder concentration, calculation results may be
underrated, as complete thermal equilibrium is not reached in the
detonation zone.

In the actual detonation process, powder grainstake over heat
from formed reaction products, however temperature within the grain
is not fully equilibrated. Internal part ofthe grain has lower temperature
than the very centre.

Energy deficit (loss) absorbed by non-reacting part of the grain
is then lower than adopted for calculations, when temperature
equalisation in the entire grain volume is assumed.

Conclusions
Based on the conducted research, we arrived at the following

conclusions:

* addition of aluminium powder results in decrease in detonation
rate of emulsion explosives, just as for ideal explosives,
which is a result of chemical inertness of aluminium in the
reaction zone,

* rise of overpressure pulse, as well as overpressure on blast wave
front compared to aluminium-free charge is a result of strongly
exothermic oxidisation reactions of this metal in a detonation
product zone,

* inadetonation product zone, flaked powder is more active; charges
containing higher amount of this powder have better detonation
parameters: detonation rate as well as parameters of powder air
blast wave.
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INNOCHEM - nowy program NCBR dla branzy chemicznej

Wzmocnienie zdolnosci przedsigbiorcéw do generowania innowa-
cyjnych rozwiazan we wspétpracy z sektorem nauki oraz poprawa pozycji
konkurencyjnej na rynkach $wiatowych polskiego sektora chemicznego
— oto cel nowego programu sektorowego INNOCHEM Narodowego
Centrum Badan i Rozwoju. Pierwszy konkurs juz ruszyt. Uruchomiony
w ramach PO Innowacyjny Rozwoj program sektorowy INNOCHEM
to kolejna, po programach INNOMED i INNOLOT, inicjatywa NCBR
majaca na celu wspieranie prac badawczo-rozwojowych w konkretnej
branzy. Na dofinansowanie projektéw w ramach pierwszego konkursu
programu INNOCHEM Narodowe Centrum Badan i Rozwoju prze-
znaczylo 120 min PLN. Beneficjentami programu beda przedsiebiorcy
i konsorcja sktadajace sie z przedsiebiorcéw. Minimalna warto$¢ kosz-
tow kwalifikowanych wynosi | min PLN, a maksymalna to 20 min PLN.
Nabér wnioskéw w ogtoszonym dzis przez NCBR konkursie rozpocznie
sie | lutego i bedzie trwat do | marca 2016 r. (kk)

(http://www.ncbir.pl/, 21.12.2015)

NCBR ponownie wesprze branze metali niezelaznych

Opracowanie i wdrozenie innowacyjnych rozwigzan, ktére pod-
niosa konkurencyjnos¢ polskiej branzy metali niezelaznych, to cel pro-
gramu CuBR - wspdlnej inicjatywy Narodowego Centrum Badan i Roz-
woju oraz KGHM Polska Miedz SA Nabér wnioskéw w trzeciej edycji
konkursu zacznie sie w styczniu 2016 r.. Na badania naukowe, prace
rozwojowe i dziatania wspierajace transfer ich wynikéw w przemysle
metali niezelaznych w tej edycji konkursu organizatorzy przeznaczyli
wspolnie 108 min PLN. Finansowanie otrzymaja wytonione na drodze
konkursowej innowacyjne projekty obejmujace badania przemysto-
we i prace rozwojowe zwiazane z nowymi technologiami wydobycia,
procesami metalurgicznymi, przetworzonymi, nowymi wyrobami i ich
recyklingiem przy jednoczesnym obnizeniu kosztéw srodowiskowych.
Whioski mozna sktada¢ w ramach czterech obszaréw tematycznych:
gornictwo i geologia, przerdbka (mineral processing), metalurgia, prze-
tworstwo, nowe materiaty, a takze ochrona srodowiska, zarzadzanie
ryzykiem i efektywnos¢ w biznesie. (kk)

(http://naukawpolsce.pap.pl/, 22.12.2015)
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NCBR finansuje innowacje w medycynie

Firmy z branzy medycznej otrzymaja ponad 57,5 min PLN na realiza-
cje innowacyjnych projektéw. NCBR ogtosito wyniki drugiego konkursu
programu sektorowego INNOMED. NCBR realizuje program INNO-
MED we wspoétpracy z firmami zrzeszonymi w Polskiej Platformie Tech-
nologicznej Innowacyjnej Medycyny. Drugi konkurs programu Centrum
przeprowadzito w ramach dziatania 1.2 ,Sektorowe programy B+R”
PO Inteligentny Rozwdj, sfuzacego realizacji duzych przedsiewziec
B+R, istotnych dla rozwoju poszczegélnych branz i sektoréw gospo-
darki. Jego budzet wynosit 95 min PLN. O dofinansowanie ubiegato
sie 18 przedsiebiorstw. Wsparcie z NCBR w tacznej wysokosci ponad
57,5 min PLN otrzyma 10 firm, ktérych wkiad wiasny wyniést ponad 38
min PLN. Centrum dofinansuje innowacyjne projekty, majace na celu
opracowanie technologii i rozwiazan stuzacych poprawie jakosci zycia
i zdrowia Polakéw. Wsparcie uzyskaja m.in. prace nad zwiekszeniem
skutecznosci diagnostycznej obrazowania dynamicznego, innowacyjnym
lekiem przeciwnowotworowym wykorzystujacym mechanizm reakty-
wacji biatka p53 oraz badania przedkliniczne i kliniczne substancji aktyw-
nych o dziataniu przeciwnowotworowym. (kk)

(http://www.ncbir.pl/, 23.12.2015)

Il edycja programu ,,Atom dla Nauki”

»Atom dla Nauki” to ogdlnopolski projekt informacyjno-edukacyjny
PGE EJ I. Celem Ill edycji programu, podobnie jak w latach ubiegtych,
jest popularyzacja wiedzy na temat energetyki jadrowej zaréwno wsrod
studentdw, jak i kadry naukowej uczelni wyzszych. Ideg, ktéra przyswieca
projektowi, jest promocja mtodych, polskich naukowcéw oraz wspiera-
nie osrodkéw naukowych w tworzeniu zaplecza eksperckiego dla rozwi-
jajacego sie w Polsce sektora energetyki jadrowej. W ramach tegorocz-
nej edycji programu wystartowaty dwa konkursy. Pierwszy, skierowany
do studentdw, polega na rozwiazaniu zadania problemowego zwiazanego
z energetyka jadrowa. Spotka chce zainteresowac ta tematyka studentow
nie tylko kierunkéw scistych i technicznych, ale takze spotecznych, przy-
rodniczych medycznych, prawa, czy turystyki. W drugim, adresowanym
do doktorantéw i kadry naukowej, zostang nagrodzone najlepsze publi-
kacje naukowe poswiecone szeroko rozumianej technologii jadrowe;j.
Nagrodami dla laureatéw konkurséw beda m.in. wyjazd studyjny do wy-
branej elektrowni jadrowej oraz nagrody pieniezne. (kk)

(http://naukawpolsce.pap.pl/, 12.01.2016)
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