Solution combustion synthesis of nanostructured bimetallic powders
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The aim of this work is to investigate the possibility of bimetallic nanopowders synthesis by SCS in normal air atmosphere without additional post reduction. The following materials were used in the experiments: copper nitrate – Cu(NO3)2·3H2O, "analytical grade" GOST 4163-78; cobalt nitrate – Co(NO3)2·6H2O, "analytical grade" GOST 4528-78; nickel nitrate – Ni(NO3)2·6H2O, "analytical grade" GOST 4055-78; citric acid hydrate – C6H8O7·H2O, "analytical grade" GOST 908-2004; urea – CH4N2O, "analytical grade" GOST 6691-77 and hexamethylenetetramine – C6H12N4, "analytical grade" GOST 1381-73. The quantities of used reactant are summarized in Table.
Table. Quantities of reactants used in preparation of reactive solutions

	Fuel / oxidizer ratios (φ)
	Reactant (wt.%)
	Characteristics of synthesized powders

	
	Cu(NO3)2
	Ni(NO3)2
	Co(NO3)2
	Fuel
	phase composition
	average sizes of nanoparticles, nm

	1.25
	27.97
	27.25
	–
	44.78 (CH4N2O)
	CuO, NiO
	50–60

	1.75
	23.72
	23.11
	–
	53.17 (CH4N2O)
	NiO, Cu0,63Ni0,37 (a=3.5811(2) Å), NiO, Cu2O
	50–60

	1.25
	27.16
	26.46
	–
	46.38

(C6H8O7)
	Cu0,67Ni0,33 (a=3.5850(2) Å), NiO, CuO, Cu2O
	50–60

	1.75
	22.91
	22.32
	–
	54.77

(C6H8O7)
	Cu0,86Ni0,24 (a=3.5933(2) Å), NiO, CuO, Cu2O
	50–60

	1.25
	38.51
	37.51
	–
	23.98

(C6H12N4)
	Cu0,48Ni0,52 (a=3.5677(2) Å), NiO, Cu, CuO, Cu2O
	50–60

	1.75
	35.14
	34.22
	–
	30.64

(C6H12N4)
	Cu0,51Ni0,49 (a=3.5701(2) Å), Cu
	50–60

	1.25
	25.66
	–
	25.03
	49.31

(CH4N2O)
	Cu, CuO, CoO, Co3O4
	50–60

	1.75
	22.04
	–
	21.50
	56.46

(CH4N2O)
	Cu, CuO, CoO, Co, Co3O4
	50–60

	1.5
	24.85
	–
	24.24
	50.91

(C6H8O7)
	Cu, CuO, CoO, Co3O4, Co
	50–60

	2.0
	21.25
	–
	20.72
	58.03

(C6H8O7)
	Cu, CuO, CoO, Co, Co3O4
	20–25

	1.5
	36.73
	–
	35.82
	27.45

(C6H12N4)
	Cu, CuO, CoO, Co3O4
	50–60

	2.0
	33.65
	–
	32.82
	33.53

(C6H12N4)
	Cu, CuO, CoO, Co, Co3O4
	50–60

	2.0
	22.50
	21.92
	21.95
	33.63

(C6H12N4)
	Cu0,62Ni0,38 (a=3.580 Å), CoO, CuO, Cu–Ni–Co solid solution (a=3.740 Å)
	50–60

	4.0
	16.84
	16.40
	16.42
	50.34

(C6H12N4)
	Cu–Ni–Co solid solution (a=3.740 Å), Cu
	40–50


The reactive mixture (5 g) was dissolved in distilled water (5 ml). Ammonia was added to the resultant solution to adjust the pH value at about 7. The obtained solutions were ignited and burned in thermal explosion mode in preheated to 500°C a muffle furnace in air atmosphere, leading to the formation of a fluffy powder, which was rapidly cooled in air in a quenching mode to prevent metal oxidation. The results of X-ray diffraction analysis of the powders produced by SCS from the initial mixtures are shown in Table. Thus, the availability of the SCS technique for production of bimetallic Cu-Ni nanoparticles and Cu–Ni–Co solid solution by one-step synthesis in a normal air atmosphere without any post reduction processing was shown.  The fuel effects on the phase composition and grain size have been investigated.
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