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Abstract: Traditional emulsion explosives, in spite of excellent water resistance, 
safe handling and good storage performance, have low power problems which 
seriously hinders their use.  In order to improve the power of emulsion explosives, 
a hydrogen based emulsion explosive was devised.  Scanning electron microscope 
pictures and experimental storage results show that the coating effect and stability 
of coated magnesium hydride (MgH2) are very good.  The power of an emulsion 
explosive sensitized by glass microballoons was significantly increased (24.30 mm 
compression of lead block) after adding coated MgH2, compared to only 16.10 mm 
compression when not added. Thus emulsion explosives with coated MgH2 as an 
energetic additive have many potential applications.
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1	 Introduction 

Emulsion explosives are widely used in the engineering blasting and mining 
industries [1,  2].  Emulsion explosives consist of an emulsion matrix and 
a sensitizer, the matrix material of water-in-oil type (w/o) of an emulsion explosive 
is detonator-insensitive until it is sensitized by a physical or chemical method, 
converting it into an emulsion explosive.  Glass microballoons (GM) are one kind 
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of physical sensitizer to introduce uniformly distributed bubbles into the emulsion 
matrix, and is commonly used in the emulsion explosive industry [3].  Due to the 
interaction of these bubbles with the shock wave propagating in the emulsion 
explosive, so-called “hot spots” are formed and subsequent reaction growth results 
in detonation buildup [4].  Traditional emulsion explosives have many advantages, 
such as excellent water resistance, safe handling and storability, but their power is 
still relatively low [5].  Power can be defined as the ability of an explosive to wreck 
a solid object in direct contact or in the vicinity of the impacting detonation wave.  
It is essentially the shattering power of an explosive, which is distinguished from 
the total work capacity of the explosive [6].  Low power hinders the application 
range of emulsion explosives, for example in limited space blasting, the power of the 
emulsion explosive should be high to obtain a good blasting effect.  What is more, 
high power emulsion explosives also can save the quantity of explosive charge or 
the number of blastholes.  Consequently, high-power emulsion explosive research 
has received attention from researchers in the field of industrial explosives [7, 8]. 

Magnesium hydride (MgH2) is one of the new promising energetic materials 
because it stores a large amount of hydrogen (7 wt.%).  In our previous research, 
MgH2 was used as a chemical sensitizer to sensitize the emulsion matrix with 
“hydrogen bubbles”, and experimental results have shown that MgH2-sensitized 
emulsion explosives have excellent detonation characteristics and anti-pressure 
ability [9-11].  However, emulsion explosives sensitized by MgH2 also have 
problems with foaming and safety.  In order to improve the performance of this 
type of emulsion explosive, MgH2 powders were coated by gel-sol technology 
to control their chemical foaming effects, and then included in the emulsion 
explosives along with glass microballoons; the GMs and the coated MgH2 
powders play the role of sensitizer and energetic additive, respectively.  In 
this way, the problems encountered with primary MgH2-sensitized emulsion 
explosives have been resolved, and the power of the emulsion explosive has also 
been significantly increased.  In this paper, we introduce the gel-sol technology for 
coating MgH2 powders, and then report on our study of the power characteristic of 
GM-sensitized emulsion explosives with coated MgH2 as the energetic additive.

2	 Material and Methods

2.1	 Material
The average particle size of the GM (3M, USA) used in the experiments was 
55 μm and the bulk density was 250 kg/m3.  The average particle size of MgH2 
(Alfa Aesar, USA) was 3 μm, and its purity and bulk density were 98% and 
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1.45 g/cm3, respectively; its initial decomposition temperature was 573 K.  The 
density of the emulsion matrix was 1.31 g/cm3, and its composition is given in 
Table 1.

Table 1.	 Composition of emulsion matrix
Component NH4NO3 NaNO3 C18H38 C12H26 C24H44O6 H2O

Wt.% 78.0 7.0 4.0 1.0 2.0 8.0

2.2	 Coating treatment for MgH2 
There have been many coating methods, such as ball-milling [12], 
sonoelectrochemistry [13], and gas-phase condensation [14].  However, these 
methods result in inhomogeneous size distributions for the powders.  Ki-Joon 
et al. [15] used gel-sol technology to coat magnesium nanocomposites and 
obtained a good coating effect, so we chose the gel-sol method.  As for the 
coating material, it should be waterproof and slightly acid-resistant due to the 
characteristics of the emulsion matrix; paraffin was chosen as the final one after 
some comparative experiments [16].

The coating treatment for MgH2 was as follows: a certain quantity of paraffin 
was mixed with ether and heated until completely dissolved.  The MgH2 powder 
was then added to the paraffin-ether solution and dried at 343 K until the ether 
had volatilized.  The thickness of the covering film for the MgH2 powder can 
be controlled by adjusting the mass ratio of paraffin.  In addition, the coating 
experiment was carried out under a nitrogen atmosphere to avoid MgH2 being 
oxidized, and the mixture of paraffin-ether solution and MgH2 powder should be 
stirred during the drying process to achieve a homogeneous coating.  

Figure 1 shows micrograms of MgH2 before and after coating; the shape 
of untreated MgH2 powder is flat and long, and there is a paraffin-film on the 
surface of the MgH2 particles after coating.  From the Figure 1, it is observed 
that the MgH2 powder can be uniformly coated by paraffin; the purpose of the 
coating is to prevent foaming of MgH2.  Previous experimental results [16] 
have shown that coated MgH2 powder has excellent resistance to weak acid 
solutions, which makes the MgH2 powder stable in the emulsion explosive.  
In this paper, GM-sensitized emulsion explosives with the energetic additive 
of coated MgH2 powder is called GM-MgH2 sensitized emulsion explosive.  
Figure 2 shows the underwater explosion experimental results of the GM-MgH2 
sensitized emulsion explosive; the distance between the explosive sample and 
the sensor was 70 cm.  As shown in Figure 2, the shock wave peak pressures 
of this type of emulsion explosive before and after storage are 14.60 and 
14.50 MPa, respectively, having decreased by only 1.09% after five months 
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storage.  Therefore, the stability of the GM-MgH2 sensitized emulsion explosive 
meets the standard requirements.

Figure 1.	 Micrograms of MgH2 powders: (a) untreated; (b) coated with paraffin. 

Figure 2.	 Pressure-time curves of the GM-MgH2 sensitized emulsion explosive, 
before and after storage. 

2.3	 Explosive samples and experimental method 
In order to study the power of the GM-MgH2 type of emulsion explosive, 
we compared it with emulsion explosives sensitized respectively by GM and 
MgH2.  The common GM content in the emulsion explosives industry is 2 wt.%, 
and the value for MgH2 powder was determined as 2 wt.%, in consideration 
of performance and cost.  The GMs act as physical sensitizers in emulsion 
explosives, while the uncoated MgH2 powders play the role of chemical 
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sensitizers in MgH2 sensitized emulsion explosives.  Coated MgH2 powders 
serve as energetic additives in the GM-MgH2 type of emulsion explosives.  The 
formulations of the three types of emulsion explosive are shown in Table 2, and 
each type of sample was tested at least three times. 

Table 2.	 Different formulations of emulsion explosives 

Emulsion explosives Emulsion 
matrix GM Untreated 

MgH2

Coated 
MgH2

GM sensitized 98 2 0 0
MgH2 sensitized 98 0 2 0
GM-MgH2 sensitized 96 2 0 2

The detonation velocities of emulsion explosives were measured using 
a detonation testing apparatus with metal probes.  The emulsion explosives were 
charged in PVC tubes of diameter 25 mm and length 300 mm.  The friction and 
heat sensitivity of the emulsion explosives were tested using related experimental 
equipment. 

The power of the emulsion explosives was tested by the lead block 
compression test method, which is a  traditional and widely used method for 
measuring the power of an explosive [6].  The weight of each emulsion explosive 
(EMX) sample was 50 g, and the length of the lead block was 60 mm before 
compression; the power of the emulsion explosive can be characterized by the 
length reduction of the lead block after detonation. 

3	 Results and Discussion

From Table 3 we can see that the detonation velocity of the emulsion explosive 
sensitized by GM and MgH2 is 4689 m/s, and that the safety of the three types 
of emulsion explosives also meet the standard requirements.  Table  3 and 
Figure 3 show that the value of the lead block compression by the emulsion 
explosive sensitized by GM and MgH2 was 24.30 mm, 5 mm more than that 
of the emulsion explosive sensitized by MgH2 alone.  The power of the GM 
sensitized emulsion explosive was the smallest, and compressed the lead block 
by only 16 mm.  Compared with the traditional emulsion explosives sensitized by 
GM, the energetic material MgH2 considerably improves the power of emulsion 
explosives, whether it acts as a chemical sensitizer or an energetic additive, and 
the power of emulsion explosives sensitized by both GM and MgH2 is the most 
powerful.  Table 3 also shows that the power is not completely dependant on the 



710 Y. Cheng, Q. Wang, F. Liu, H. Ma, Z. Shen, Z. Guo, R. Liu

Copyright © 2016 Institute of Industrial Organic Chemistry, Poland

detonation velocity for the emulsion explosives studied, which is different from 
the detonation velocity mechanism for power which is described in Ref. [17]. 

Figure 3.	 Power of different emulsion explosives characterized by the 
compression of a lead block.

Table 3.	 Parameters of explosion performance of various emulsion explosives 

Emulsion 
explosive

Density
[g/cm3]

Power*

[mm]
Detonation

velocity
[m/s]

Friction
sensitivity

[N]

Heat
sensitivity

[K]
GM sensitized 1.24 16.10 4534 >358 >503
MgH2 sensitized 1.25 19.15 4950 >358 >503
GM-MgH2 
sensitized 1.28 24.30 4689 >358 >503

*Compression of lead block

Emulsion explosives are a kind of non-ideal explosive.  According to the 
famous ZND detonation model, there is a  chemical reaction zone after the 
shock wave front during the detonation [4, 18], as shown in Figure 4.  GMs are 
not energetic materials and only act as sensitizers in the emulsion explosive, 
but untreated MgH2 powder in the emulsion explosive plays a double role as 
sensitizer and energetic material because of the hydrogen bubbles.  The hydrogen 
participates in the detonation reaction and increases the explosive power of the 
emulsion explosive, so the power of a MgH2 sensitized emulsion explosive is 
higher than that of a GM sensitized one.  However, either GMs or untreated MgH2 
powder in emulsion explosives mainly react in the initiation stage of detonation 
for their roles as sensitizers.
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Figure 4.	 Schematic diagram of the ZND detonation model.

As for the GM-MgH2 type of emulsion explosive, the so-called “hot spots” in 
the emulsion matrix created by the GMs in the preliminary phase, and most of the 
coated MgH2 powder reacts in the reaction zone.  MgH2 is a kind of ionic metal 
hydride and decomposes into magnesium and hydrogen at a high temperature, 
and these decomposition products would be involved in detonation and release 
of energy in the reaction zone, which delays the attenuation of the shock wave.  
In addition, our preliminary studies show that MgH2 can improve the effect of the 
explosion reaction of emulsion explosives [9], and makes the emulsion explosive 
explode more completely, thus increasing the detonation pressure. 

From the above analysis, the reasons for the high power of the GM-MgH2 

sensitized emulsion explosives may be concluded to be the slower attenuation 
of the shock wave and higher reaction extent of the emulsion explosive because 
of the coated MgH2.  The experimental results are somewhat in accordance with 
the mechanical impulse mechanism of power for explosives [6, 19], which deems 
that the power parameter is related to the detonation pressure and the duration 
of the shock wave.  The power mechanism research of the GM-MgH2 sensitized 
emulsion explosives is a complex but important work, and will be studied further 
in the near future.
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4	 Conclusions

High power research is always one of the hot issues in the field of emulsion 
explosives.  In this paper, we report a new type of emulsion explosive with 
the additive coated MgH2.  The gel-sol technology was used for coating MgH2 
powders, and paraffin was the coating material.  Scanning electron microscope 
pictures showed that MgH2 powders can be coated homogeneously by paraffin 
films.  Storage and experimental sensitivity results indicate that the stability 
and safety of the coated MgH2 in emulsion explosives meets the standard 
requirements.  The detonation velocity of a  GM-MgH2 sensitized emulsion 
explosive is 4689  m/s, but its power reaches up to 24.3  mm (lead block 
compression).  The experimental results somewhat conform to the mechanical 
impulse mechanism of power for explosives, but the typical mechanism of power 
for GM-MgH2 sensitized emulsion explosive needs to be studied further.

Acknowledgements
This work was supported by the National Fund of Nature Science of 
China (NO.51374189; NO.11502001), the Natural Science Foundation 
of Anhui Education Department (NO. KJ2015A074) and Anhui province 
(NO.1608085QA15), and the authors would like to thank these foundations for 
financial support.

References

	 [1]	 Papliński A., Maranda A., Investigations of the Influence of Cooling Salts upon 
the Performance of Emulsion Explosives, Cent. Eur. J. Energ. Mater., 2015, 12(3), 
523-536.

	 [2]	 Anan’in, A.V., Dremin, A.N., Cunnigham, C., Energy Release of Mixed Explosives 
during Propagation of a Non-ideal Detonation under Conditions Similar to the 
Operation Conditions of a Blasthole Charge, Combustion, Explosion, and Shock 
Waves, 2000, 43(4), 468-475. 

	 [3]	 Deribas A.A., Medvedev A.E., Reshetnyak A.Yu., Fomin V.M., Detonation of 
Emulsion Explosives Containing Hollow Microspheres, Dokl. Phys., 2003, 389, 
163-165.

	 [4]	 Medvedev A.E., Fomin V.M., Reshetnyak A.Yu, Mechanism of Detonation of 
Emulsion Explosives with Microballoons, Shock Waves, 2008, 18, 107-115.

	 [5]	 Wang X.G., Emulsion Explosives, Metallurgical Industry Press, Beijing, 1994.
	 [6]	 Keshavarz M.H., Seif F., Soury H., Prediction of the Brisance of Energetic Materials, 

Propellants Explos. Pyrotech., 2014, 39, 284-288.



713The Effect of the Energetic Additive Coated MgH2 on the Power of Emulsion...

Copyright © 2016 Institute of Industrial Organic Chemistry, Poland

	 [7]	 Nemec O., Marecek R., Novotny M., Zeman S., Selesovsky J., Fortification of W/O 
Emulsion by Demilitarized Explosives. Part I. Use of TNT, Cent. Eur. J. Energ. 
Mater., 2011, 8(3), 193-207.

	 [8]	 Pepekin V.I., Gubin S.A., Heat of Explosion of Commercial and Brisant High 
Explosives, Combustion, Explosion, and Shock Waves, 2007, 43(2), 212-218.

	 [9]	 Cheng Ya.F., Ma H.H., Shen Zh.W., Detonation Characteristics of Emulsion 
Explosives Sensitized by MgH2, Combustion, Explosion, and Shock Waves, 2013, 
49, 613-618.

	[10]	 Cheng Ya.F., Ma H.H., Liu R., Shen Zh.W., Explosion Power and Pressure 
Desensitization Resisting Property of Emulsion Explosives Sensitized by MgH2, 
J. Energ. Mater., 2014, 32(3), 207-218.

	[11]	 Cheng Ya.F., Ma H.H., Liu R., Shen Zh.W., Pressure Desensitization Influential 
Factors and Mechanism of Magnesium Hydride Sensitized Emulsion Explosives, 
Propellants Explos. Pyrotech., 2014, 39(2), 267-274.

	[12]	 Aguey-Zinsou K.F., Ares F.J.R., Klassen T., Bormann R, Effect of Nb2O5 on MgH2 
Properties during Mechanical Milling, Int. J. Hydrog. Energy, 2007, 32, 2400-2407.

	[13]	 Haas I., Gedanken A., Synthesis of Metallic Magnesium Nanoparticles by 
Sonoelectrochemistry, Chem. Commun., 2008, 1795-1797.

	[14]	 Li W., Li C., Ma H., Chen J., Magnesium Nanowires: Enhanced Kinetics for 
Hydrogen Absorption and Desorption, J. Am. Chem. Soc., 2007, 129, 6710-6711. 

	[15]	 Jeon K.-J., Moon H.R., Ruminski A.M., Air-stable Magnesium Nanocomposites 
Provide Rapid and High-capacity Hydrogen Storage without Using Heavy-metal 
Catalysts, Nature Materials, 2011, 10, 286-290.

	[16]	 Cheng Ya.F., Yan S.L., Ma H.H., Shen Zh.W., Study on the Properties of Hydrogen 
Storage Material MgH2 Coated by Sol-gel Method, Chinese Journal of Explosives 
& Propellants, 2015, 38(4), 67-70.

	[17]	 Agrawal J.P., High Energy Materials: Propellants, Explosives and Pyrotechnics, 
WILEY-VCH, Weinheim, 2010; ISBN 978-3-527-32610-5.

	[18]	 Li J., Ning J., Lee J.H.S., Mach Reflection of a ZND Detonation Wave, Shock 
Waves, 2015, 25(3), 293-304.

	[19]	 Fedoroff B.T., Sheffield O.E., Clift G.D., Encyclopedia of Explosives and Related 
Items, Vol. 2, PATR 2700, Picatinny Arsenal, Dover, 1962.


