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1. Introduction 
X-ray structural and X-ray phase analysis allows determining the phase composition and 
crystallographic modification of analyzed material with the sensitivity of at least 5% of the 
mass. Analysis of results is based on the use of the ASTM X-ray data base. The phase 
composition of a sample is defined from the analysis of the diffraction pattern taken in a wide 
range of angles. To obtain information about the crystallographic structure (composition of 
the solid solution, the degree of formation of the crystal lattice), a survey is carried out in the 
region of large diffraction angles, which makes it possible to determine the lattice parameter 
and the broadening of diffraction lines with the required accuracy. In complex cases, 
additional information about the chemical composition of the sample is involved [1].  
 Based on this approach, we have developed a number of techniques for conducting 
input and current process control of materials for electronic equipment [2].  
 
2. Experimental 
 Input control. Silver-palladium alloys. Ag-Pd alloys are used as materials for internal 
electrodes of multilayer ceramic capacitors and varistors [3]. In the process of work, it turned 
out that for the production technology of the above-mentioned products, information not 
being stipulated by the alloy specification may be significant. The technique developed allows 
determining a more wide range of phases that can be present in the alloy, including X-ray 
amorphous phase, by recording the X-ray pattern of the sample in a wide range of diffraction 
angles; for example, Ag2O, PdO, Ag2S phases. It includes also the determination of crystal 
lattice parameter that is necessary for defining alloy composition. Silver and palladium form a 
continuous series of solid solutions [4] for which Vegard's law is fulfilled. This enables the 
composition to be found from the dependence of crystal lattice parameter of a solid solution 
on component concentration (Fig. 1),  

In addition to the phase composition and the lattice parameter, the half-width of the 
diffraction lines is fixed that indicates the size of coherent scattering domain of and, thus, the 
degree of structure formation.  

Consider also an alloy with the addition of cladding elements. To determine the 
concentration of incoming components, a diffraction line is taken in the region of large 
diffraction angles. Recording and decoding the radiogram (Fig. 2) shows that, in addition to 
the alloy, there is a cladding element BaTiO3. Since the crystal lattice of the alloy is cubic, it 
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is enough to record only one diffraction line. We use diffraction line (422), since no other 
diffraction lines are superimposed on it. The structure formation is estimated by the separation 
degree of doublet 𝛼𝛼1 и 𝛼𝛼2 (Fig. 3): if the structure is well formed, the doublet is separated 
(Fig. 3, at the right). 
 

 
Fig. 1. Vegard's law  for system Pd-Ag  

 

 
Fig.2. X-ray pattern of the alloy Ag-Pd with the addition of cladding elements 

 

  
Fig. 3. Diffraction line (422) 

 
 Technological control of the preliminary synthesis of NLBS material. NLBS is 
ferroelectric material with the structure of potassium-tungsten bronze based metaniobate 
lead:(Pb, Ba, Sr) Nb2O6 that is used in capacitor manufacturing [3, 5]. The synthesis of this 
ceramics takes place in two stages: preliminary synthesis and final one during high-
temperature sintering. We have found correlation between the crystallographic structure of the 
material formed during the primary synthesis and the electrophysical properties of the 
subsequent high-temperature firing of ceramics. We have deciphered the phase composition 
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of the material obtained by the preliminary synthesis. There are two phases in its foundation: 
tetragonal structure Pb0.3Ba0.7Nb2O6 and orthorhombic structure Pb0.7Ba0.3Nb2O6 . The crystal 
lattice parameters of these phases are changing depending on the introduced additives, their 
quantity and synthesis conditions. Under normal conditions of synthesis, a material with a 
quantitative advantage of the tetragonal phase should be obtained. The complexity of 
decoding and evaluating the phase ratio is connected with the fact that the diffraction lines of 
these phases superimpose on each other. However, having a "good" reference sample, which 
was preliminarily synthesized in a tunnel kiln, we were able to isolate diffraction lines of each 
of the indicated phases (not overlapping on each other) and to determine the ratio of their 
intensities and diffraction angles (Fig. 4).  

 

 
 

 
 

Fig. 4. Radiogram of a reference sample 
 

These lines are (002), (620) for the tetragonal phase, and (732) for the orthorhombic 
phase. The diffraction lines under consideration are located in the region of diffraction angles 
2θ = 44°−48°. The recording of these lines and the determination of their intensity ratio and 
diffraction angles allow us to compare them with the standard and make conclusion about the 
quality of synthesis.   
 
3. Conclusion 
The developed technique of input control of the phase composition and crystallographic 
parameters of the silver-palladium alloy allows controlling the presence of foreign phases, the 
composition of solid solution and the formation degree of crystal lattice of the alloy. 

The proposed method of controlling the phase composition of NSBS material after 
preliminary synthesis allows predicting the quality of ceramics after high-temperature firing. 
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