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With respect to environmental protection and respecting of the EU standards there has occurred the necessity to find a suitable material for electrical engineering as a substitute for the existing Pb – Sn solders. The EU has for this reason approved an international project COST Materials Action 531 “Lead-free Solder Materials”, within the frame of which there were created working groups, in which participate scientific working sites from approx. 12 European countries. The Czech Republic is in this project represented by three working sites: the Masaryk University in Brno (Prof. J. Vřešťál), Institute of Physics of Materials, Academy of Science of the Czech Republic (Dr. A. Kroupa) and the Department of Non-ferrous Metals, Refining and Recycling, VŠB-TU of Ostrava (guarantor Prof. J. Drápala). Our project “Theoretical study of phase diagrams of low-fusing binary and ternary alloys, their preparation and characterization” was registered in the Working Group “Thermodynamic properties and phase equilibrium of silver ternary alloys with indium, antimony and tin”  - coordinator Prof. K. Fitzner from University of Mining and Metallurgy, Krakow.

The project in the first stage deals with the calculation of the phase equilibrium in binary and ternary systems on the basis of low-fusing metals Sn, Zn, In, Bi, Sb + Cu, Ag, Ni, Pd in order to obtain the values of equilibrium distribution coefficients, which are important parameters at crystallisation of alloys, and determine ability of segregation of elements in the basic matrix, magnitude of interval of crystallisation of poly-component alloys and are applied namely at the refining of substances and at preparation of defined  metallic alloys.

The working sites of the VŠB-TU Ostrava have at their disposal many furnaces for preparation of pure metals and defined alloys with low and medium fusing temperature, in which it will be prepared model alloys for subsequent investigation. Moreover we concentrated on measurement of physical, mechanical and structural characteristics of solders, such as e.g. solderability test on various base materials, chemical macro-analysis (method AAS) and micro-analysis (EDX), investigation of morphology of macro- and micro-inhomogeneity of solders, determination of percentage representation of individual phases in structure, determination of frequency of phases of the given size and their distribution, determination of the angle of wettability of solders with base materials, differential thermal analysis, mechanical properties (micro-hardness, strength, destructive tests), resistometry, dilatometry, etc. 

1. Wettability. One condition that has to be fulfilled by all soldering alloys is good wetting of the substrate. When wetting takes place the solder flows across the surface and the extent to which the liquid solder will spread depends on the surface tension acting between the interfaces involved. The surface tension is a thermodynamic quantity, and is equal to the amount of work needed to enlarge a unit area of the surface area. It is inducted by the free bonding energy of the surface atoms. There are different methods to measure wettability between solders and substrates. Most of them are qualitative and measure only the final results. The only method that is quantitative and measures also the non-equilibrium situation, which is closer to the reality when soldering in practice, is the wetting balance method.

2. Mechanical properties. Solder joints are most commonly exposed to some kind of load, e.g. tensile and shear forces, creep, mechanical and thermal fatigue. Most joints also have to endure more then one of these loads.

3. Conductive properties Two of the major products where soldering is used as joining method are electronics and heat exchangers. An important property for the joints in those products is that they must have good electrical and heat conductivity, respectively.

4. Metallographic background and chemical micro-analysis. In the majority of cases, wetting of a substrate by a solder results in a reaction between the solder and substrate. This is necessary to create bonding. The substrate material dissolves in the solder material and an interface is created. Often they are intermetallic phases that form at the interface. These grow fast and are very stable as phases, which can help to give strong adhesion. As a constituent of solders, tin has a dominant role in determining the intermetallic compounds that form by reaction with the substrate.

The schedule of our own results:

· Systematic study of binary systems on the base of metals: Cu, Ag, Zn, In, Sb, Bi, Cd, Ga, Hg, In, Pb, Sb, Se, Te, Zn. Our calculations are based on the newest thermodynamic data about elementary metals and binary diagrams. Determination of equilibrium distribution coefficients and regression parameters of curves of liquidus and solidus of selected low-fusing metals. Creation of proprietary database of our computing results of solidus and liquidus curves and distribution coefficients in binary systems of low-fusing metals. 

· Experimental investigation of selected physical and physico-chemical properties of five types of commercially produced (Kovohutě Příbram, Czech Republic) lead-free solders Sn99Cu1; Sn95Cu1.5Sb3.5; SnAg4; Sn95.5Ag3.8Cu0.7; Sn95Sb5, and of classical lead-tin solder Sn37Pb. 

· Experimental investigation of ternary Cu – In – Sn systems and comparison with thermodynamic calculations.

The following characteristics were studied: 

1. temperatures and enthalpy of phase transformations (DTA, TG, DSC) of individual solders at the rates of re-heating and cooling of samples of 7 °C/min

2. micro-structural analysis using metallography, micro-hardness of samples

3. chemical analysis, micro-analysis of individual phases in structure of solders (EDX)

4. measurement of surface tension and density of solders in dependence on temperature 

5. test of wettability with use of fluxes or without them 

6. measurement of mechanical properties (hardness, toughness)

7. measurement of resistivity.

This work is solved with the financial support of the Ministry of Education, Youth and Sports of the Czech Republic within the scientific research project CEZ No. 6198910013 „Processes of preparation and properties of highly pure and structural defined special materials“. This work is solved in the frame of the project of EU COST 531”Lead-free Solder Materials” too. 
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