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Abstract: Detonation velocities of unconventional emulsion explosives containing epispastic 
polystyrene (EPS) micro-balloons were studied experimentally and theoretically. Fine-particle lithium 
and zinc oxides have been prepared by the detonation of emulsion explosives of the metal nitrates, M 
(NO3) x (M = Li, Zn) as oxidizers and paraffin as fuels, at low velocity. For the calculations in which 
the first set of decomposition products is assumed, predicted heats of detonation of emulsion 
explosives with the product H2O in the gas phase have a deviation of 586 kJ/kg from results with the 
product H2O in the liquid state. The results obtained enable a comparison of the usefulness of both 
calculating and measuring methods. The influence of lithium and zinc nitrates contained in the 
emulsion matrix on the detonation velocities of the explosives was discussed. 
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1 Introduction 
A zinc and lithium composite oxide is the subject of growing interest for different applications in 
electronic components [1-4]. Especially, G.Ceder regarded that LiZnO2 compound has a higher voltage 
than that of LiCoO2 [5]. More recently, it was reported that these oxides nanomaterials have generated 
tremendous interests in both the scientific and engineering community, which has visibly led to rapid 
and intense growth in research focus [6-13].   
Emulsion explosives belong to commercial explosives. They were developed in the early 1960s [14, 
15] and have become quite important blasting means because of their comparatively high detonation 
parameters and exceptionally good safety characteristics. Emulsion explosives were prepared by 
agitation of a supersaturated aqueous solution of some oxidizers and a fuel doped with an emulsifying 
agent [16]. A distinguishing feature of emulsion explosives is that in the aqueous solution, the oxidizer 
is present in the form of tiny droplets covered with a very thin fuel layer. Consequently, the interfacial 
surface of the emulsions is very large, as a result of which their detonation behavior is almost ideal, 
unlike other ammonium nitrate based composite fuels. In the work described here, we studied the 
detonation velocities of emulsion explosives containing EPS micro-balloons. The emulsion matrix was 
prepared using aqueous solutions of ammonium nitrate, lithium nitrate and zinc nitrate. The contents 
of other ingredients were changed insignificantly in order to maintain the oxygen balance. For each 
explosive, the detonation velocity was measured and calculated. The results obtained enabled a 
comparison of the efficiency of both methods for discussing the phenomenon of low detonation 
velocity of the unconventional emulsion explosives. They were also used to analyze the effect of metal 
nitrates and EPS on the low detonation velocity of the explosives and to choose the formulations 
characterized by the low detonation velocities. 
 
2 Experiments 
The composition thus prepared is extremely insensitive to initiation, and, hence, it has to be sensitized 
by appropriate additives (EPS micro-balloons). The basic oxidizer used in emulsion explosives is 
ammonium nitrate; lithium nitrate and zinc nitrate are added to synthesize nanometer particles of 
composite oxides. The fuel phase consists of mineral oils and paraffin. 
The explosive charges were put into a thin plastic bag with an approximate 666, 863, and 1149 kg/m3 
density respectively. For each charge an electric No.8 initiator was used. The detonation experiments 
were performed in an explosive chamber (showed in Figure 1). This method provides a very fast 

  



 

quenching space. The air surrounding the charge provides efficient cooling of detonation products and 
thus reduces the reuniting of obtained nanoparticles. The detonation experiments were done in a steel 
tank. The explosive charge was placed in a polyethylene bag, which was suspended at the tank centre. 
The detonation products contained some impurities such as fragments from the tank walls (Fe2O3, 
Al2O3), copper and steel from the detonator, and PE from the bag and the leg wires of the detonator.  
The compositions of the emulsion matrices are given in the latter reaction formula. The emulsions 
were prepared using a simple facility consisting of a thermostat and a container equipped with a stirrer. 
The solution of oxidizers was heated to 110℃ and then slowly added to the container, in which a 

preheated (90℃) mixture of fuels (oil and paraffin) with the emulsifier was agitated with the stirrer at 
a speed of 800 rpm. After adding the entire amount of the oxidizer, the agitation was continued for 
about three minutes to obtain fine particles of the emulsion. The final explosive mixtures were 
prepared by mixing the emulsion matrices with EPS micro-spheres (mean size 1.5mm). Mixing was 
performed carefully until the distribution of the micro-spheres in the emulsion matrix became uniform. 
In all experiments, the mass fraction of micro-spheres was 1%, 3%, and 3% respectively (above 
100%). The initial density of the explosives was determined from the weight and volume of samples in 
plastic tubes used in detonation velocity measurements. The detonation velocity was measured by 
ionization sensors. The explosive charges were confined in plastic tubes 250 mm long with an inner 
diameter of 32 mm. In each charge there were measuring courses 50 mm long, and the first sensor was 
at 90 mm from the booster. These values were large enough to ensure a steady detonation and 
determination of the detonation velocity with an accuracy of about 1%. 
 

 Figure 1.  Schematic of explosion chamber 
 
3 Velocity Calculations 
A method of estimating D at  ρ invokes the thermochemical properties[17]. Their empirical 

relationships are as follows. 
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Where,  N is moles of gaseous detonation products per g of water-gel explosive (mol gas/g water-gel 

explosive); 

M is average molecular weight of detonation product gas (g gas/mol gas); and 

Q is chemical energy of detonation reaction (cal/g). 

0.88LiNO3 + 0.88Zn (NO3) 2·6H2O + 3.50NH4NO3+ 0.02C24H44O6 + 0.06C18H38  + 0.08C8H8 
→ 0.44Li2O + 0.88ZnO +2.20CO2 +9.64N2 + 14.18H2O +3.92O2

Heats of formation（kJ/mol） 

Li2O, –595.80; ZnO,  - 350.06; H2O (liq), -285.80; LiNO3, –482.20; Zn (NO3) 2·6H2O, －2306.60; 

NH4NO3, －365.60 [18]. 
C24H44O6, –2135.21 kJ/mo; C18H38, -186.62 kJ/mol; C8H8, 220.17 kJ/mol [19]. 
H2O (gas),  -242.00; CO2, –393.70 [20]. 
If we consider the water of detonation products in liquid state, 

Q = 0.44×(-595.80) + 0.88×(-350.06) + 2.20×(-393.70) + 14.18×(-285.80)-0.88×(-482.20) – 

0.88×(-2306.60) – 3.50×(-365.60) - 0.02×(-2135.21) – 0.06×(-186.62) - 0.08×(220.17)  
= -262.15 – 308.05 –866.14 – 4052.64 + 424.34 + 2029.81 + 1279.60 + 42.70 + 11.20 + 17.61  
= - 1683.72 kJ/kg。 

QP [H2O (l)] = - Q [H2O (l)] ×1kg = 1683.72 kJ 
        Qv [H2O (l)] = 1683.72 kJ + (2.20 + 9.64 + 3.92)× 8.314×10-3×298.15 kJ  

= 1722.79 kJ 

If we consider the water of detonation products in vapor state, 

Q [H2O (g)]= -1683.72 + 14.18×(-242.00-(-285.80)) = -1683.72 + 621.08  

= -1062.64 (kJ/kg).  

QP [H2O (g)] = -Q [H2O (g)] ×1kg  

= 1062.64 kJ 

Qv[H2O (g)] = 1062.64 kJ + (2.20 + 9.64 + 14.18 + 3.92)× 8.314×10-3×298.15 kJ  

= 1136.86 kJ 

If we consider the water of detonation products in liquid state, 

 N = (2.20 + 9.64 + 3.92)/1000= 15.76/1000 = 0.01576 (mol/g) 

 M = (2.20×44 + 9.64×28 + 3.92×32)/15.76 = (96.80 + 269.92 + 125.44)/15.76 

= 31.23 (g/mol) 

Q = Qv [H2O (l)] /4.18 = 1722.79 /4.18 = 412.15 (cal/g) 

788.130.2059.501576.015.41223.3101576.0 2
1

2
1

=××=××=φ  

When ρ = 1149 kg.m-3, 

( ) 38.349.2337.101.1149.13.11788.101.1 2
1

=××=×+×=D  (Km/s) 

When ρ = 863 kg.m-3, 

( ) 87.212.2337.101.1863.03.11788.101.1 2
1

=××=×+×=D  (Km/s) 

When ρ = 666 kg.m-3, 
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( ) 52.287.1337.101.1666.03.11788.101.1 2
1

=××=×+×=D  (Km/s) 

If we consider the water of detonation products in vapor state, 

N = (2.20 + 9.64 + 14.18 + 3.92)/1000= 29.94/1000 = 0.02994 (mol/g) 

M = (2.20×44 + 9.64×28 + 14.18×18+ 3.92×32)/29.94  

= (96.80 + 269.92 + 255.24 + 125.44)/29.94 = 24.96 (g/mol) 

Q = Qv [H2O (g)]/4.18 = 1136.86 /4.18 = 271.98 (cal/g) 

469.249.1600.502994.098.27196.2402994.0 2
1

2
1

=××=××=φ  

When ρ = 1149 kg.m-3, 

( ) 95.349.2571.101.1149.13.11469.201.1 2
1

=××=×+×=D  (Km/s) 

When ρ = 863 kg.m-3, 

( ) 36.312.2571.101.1863.03.11469.201.1 2
1

=××=×+×=D  (Km/s) 

When ρ = 666 kg.m-3, 

( ) 97.287.1571.101.1666.03.11469.201.1 2
1

=××=×+×=D  (Km/s) 

The experimental results are as follows. 

When ρ = 1149 kg.m-3, D1 = 1397, D2 = 1481, Da = 1439 (m/s). 

When ρ = 863 kg.m-3, D1 = 1511, D2 = 1541, Da = 1526 (m/s). 

When ρ = 666 kg.m-3, D1 = 1703, D2 = 1687, Da = 1695 (m/s). 

 
4 Results and Discussion 
Clearly, the predicted heats and velocities of detonation for State Equation the new emulsion explosive 
are reasonable. Many of the reported values of the heats of detonation of the explosives described 
herein indicate that the experiments were analysed assuming the H2O as being in either the vapour or 
liquid state. Those results in which H2O is assumed to be in the vapour state are typically denoted Q 
[H2O (g)], whereas the results in which H2O is assumed to be in the liquid state is denoted as Q [H2O 
(l)]. In order to compare our results against these, we have also used the Dulong-Petit’s values of the 
specific heat for liquid phase H2O in order to compare with those results in which the product H2O is 
assumed to be in the close-grained state. Heats of detonation were calculated using the explosive 
reaction formula in which the Chapman–Jouget (C–J) state is calculated for the designated explosive. 
In these calculations, the heat of detonation corresponds to the energy difference between the reactants 
and all products at the end of this expansion. It is concluded that the calculated results are more than 
ones of measuring experiments of detonation velocity over a range of initial densities. 
A typical example of this is seen in Figure 2, which shows data from our experiments. The data of 
Figure 2 show how the introduction of metal nitrates and EPS into the emulsion matrices affects the 
detonation velocities. From the results presented in the figure it follows that the use of lithium nitrate 
and zinc nitrate as two additional oxidizers deteriorates the parameters considered most insignificantly, 
whereas the addition of EPS to the mixture gives an explosive with comparatively low detonation 
parameters but its value is rather poor with the increment of the content of EPS. The absence of 
correlation between the relative detonation velocity and the parameter density indicates that there are 
other factors influencing these characteristics. One of these can stem from the fact that the relative 
detonation velocity was measured for different samples and under different conditions. Therefore, we 
conducted detonation velocity tests to determine the performance of the explosive using initial 
densities of the unconventional emulsion explosives. Here the values of Dexp are much smaller than 
those calculated. This indicates that in detonation velocity tests, more ammonium nitrate reacts in the 
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detonation wave and there is better agreement between measured and theoretical detonation velocities. 
A comparison of the data between calculating and measuring shows that the content of EPS has a 
strong effect on detonation velocities, which is manifested in nonideal detonation properties. 
 

 
  

Figure 2. Detonation velocity of unconventional emulsion explosive over a range of initial densities. 

5 Concluding remarks 
In the final analysis, we discuss detonation velocities of the unconventional emulsion explosives for 
synthesis of lithium and zinc oxides, which we believe, has never been reported. We can grow these 
nanoscale structures in a cheap manner through the addition of nitrates using the emulsion explosive 
detonation process [21]. This novel method allows us to synthesize nanometer composite oxide 
powders. 
The results of the experiments described here show that the detonation velocity test can be used with 
advantage for quantitative determination of explosive performance. Results of these experiments 
together with data of calculation formula of the process allow one to obtain the equation of state for 
detonation products and, hence, to estimate their detonation velocity. The addition of metal nitrates to 
emulsion compositions deteriorates the detonation properties of explosives containing only ammonium 
nitrate, which is manifested in a decrease in detonation velocities. The decrease in performance is 
most considerable in the initial stage of expansion of detonation products. With increase in the volume 
of EPS, these discrepancies decrease. This implies that chemical reactions also proceed in expanding 
detonation products and additional energy released in these reactions is converted to mechanical work. 
For this reason, detonation velocities determined in the initial stage of expansion depend strongly on 
the content of EPS micro-balloons.  
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