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It is commonly known that the energy of explosives can be used for production of composite materials. At that there are two states of explosive: condensed (solid, liquid, and powdered) and gaseous. The best examples of industrial application of condensed explosives are explosive welding, explosive loading of powdered materials, explosive forming, and explosive hardening. Gaseous detonation is successfully used for deposition of multilayer coatings by detonation spraying. In this communication, we discuss the possibility of fabricating bulk samples and coatings using explosive technologies. 

The compaction of β-FeSi2 powder is an example of using high explosives in order to make bulk samples from powdered material. This material is a promising one for production of thermoelectric units. It has a thermo electromotive force of about 450 (V/K and in some cases can compete with commonly used bismuth telluride (Bi2Te3) and lead telluride (PbTe). The powder containing β-FeSi2 was made by mechanochemical route in a 2SL high-energy mechanical activator. Addition of Co and Al into Fe +2Si mixtures permits to obtain n-type (Fe0..94Si2Co0.06) and p-type (FeSi1.94Al0.06) semiconductors. The XRD data (D8 Advance, Bruker) shows the formation of different Fe–Si phases (see the Table below) such as Fe3Si, ε-FeSi, and β-FeSi2 [1]. The densities of (-FeSi, Si, β-FeSi2, and (-FeSi2 are 6.37, 2.3, 4.93, and 4.99 g/cm3, respectively [2, 3]; therefore, calculation gives the values of 5.17 and 5.18 g/cm3 for p- and n-type material, respectively. 

	
	Atomic % 

	p-Type material (FeSi1–xAlx)

	Cubic iron silicide (ε-FeSi) 

Orthorhombic semiconducting β-FeSi2
Tetragonal iron disilicide (metal phase (-FeSi2)

Silicon 
	31

62

3

4

	n-Type material (Fe1–xCoxSi2)

	Cubic iron silicide (ε-FeSi)

Orthorhombic semiconducting β-FeSi2
Tetragonal iron disilicide (metal phase (-FeSi2) 

Silicon
	36

53

4

7


A material containing β-FeSi2 is brittle and the great problem is cracking of samples prepared by dynamic compaction. Compaction was performed in cylindrical geometry (Fig. 1). Experiments have shown that optimal detonation velocity was 4.0–4.5 km/s (explosive based on amatol). The obtained specimens are shown in Fig. 2. Compact density is 4.4 g/cm3, electric resistance 2∙10–3 (∙m. 

The main problem now is to provide reliable synthesis of powdered material with maximal content of β-FeSi2. Besides, cracking of compacts is often observed. It can be possibly overcome by using of long-pulse explosive compaction [4]. 
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Fig. 1. Container with a powder and carton cylinder for explosive charge (left) and containers after explosive loading (right). 
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Fig. 2. Cylindrical compacts. 

Detonation spraying is another explosive technology for deposition of numerous coatings. Graded Al2O3–Ti coatings and multilayered coatings (WC/Co–Cu, Ti–Cu, etc.) were obtained using Computer Controlled Detonation Spraying (CCDS) with two powder feeders [5]. Figure 3 shows the graded Al2O3–Ti coating for use as a thermal barrier layer in different machine parts (e.g. gas turbine blades). Our tests have shown that gradient Al2O3–Ti coating had much better resistance to failure in thermal cycling conditions (as compared to Al2O3). 

Figure 4 shows the graded composite coating of WC–Co–Cr hard alloy deposited onto copper. It demonstrates the high potential of CCDS technology in the design of multilayered composite coatings. Recently the new CCDS-2000 facility was designed which can be mounted on an industrial robot and used for deposition of coatings on the surfaces with sophisticated profiles (Fig. 5). 
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	Fig. 3. Gradient Al2O3–Ti coating on Ti substrate. Number of layers 25, coating thickness (500 µm. 
	Fig. 4. Transition layer between WC–Co–Cr (86–10–4 wt %) 
and Cu (top). 
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Fig. 5. CCDS-2000 detonation gun compatible with industrial robot. 
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