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Abstract - The aim of the research was to characterize the 

soldering alloys type Sn1Sr and Sn3.5Ag1Sr. The DTA 

analysis of Sn1Sr solder has identified the eutectic reaction 

at the temperature of 232 °C. In the case of Sn3.5Ag1Sr 
solder, the eutectic reaction takes place at the temperature of 

222 °C, which corresponds to the thermodynamic data for 

the given alloy type Sn-Ag-Sr. The microstructural SEM 

analysis has identified in soldering alloy type Sn1Sr the 

needles of primary precipitated intermetallic phase in the 

matrix formed of peritectic together with Sn, having majority 

proportion in the matrix. In the Sn1Sr solder, there was 

additionally observed the (Sn) + SrSn4 eutectics with a high 

tin content. When analyzing the microstructure of 

Sn3.5Ag1Sr solder, the acicular constituents formed of ε-

Ag3Sn and Sr-Ag-Sn phases were observed. Also, the (Sn) + 
ε-Ag3Sn eutectics was identified in solder volume. The solder 

matrix is formed of pure tin. 
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I. INTRODUCTION 

Due to the ban on the application of lead solders for 

joining the semiconductor parts in the electrotechnical 

industry, the research was oriented to the development of the 
new lead-free alloys [1-12]. The lead-free alloys exert a 

higher melting point and worse wettability when compared 

to the lead solders, which unfavorably affects the electric and 

mechanical properties. Due to that reason, the majority of 

lead-free alloys also contain a certain percentage of 

additional elements as Ag, Sb, Cu, etc. [13]. 

The most common lead-free solders comprise the Sn-

based alloys with other additional elements. The Sn-Ag 

alloys may be considered for the widespread solders, which 

are broadly applied mainly for the soldering of 

semiconductor parts in electronics. Soldering with soldering 
alloys based on Sn-Ag with different alloying elements was 

also studied in works [14-19], where better results of 

adhesion and joint durability were attained in comparison 

with the lead solders and also good Ag properties regarding 

the joint strength. However, the melting point of Sn-Ag-

based solders has exerted higher values when compared with 

the lead solders.  

The Sn-Ag-based solders are also alloyed with a small 

amount of Ti as a special element since it is a highly 

chemically active element, which forms different 

intermetallic phases on the boundary with metallic substrates 
since it allows to join also the non-wettable materials as the 

ceramics of glass. It was found out that the addition of a 

small amount of Ti to Sn-Ag solder does not significantly 

affect the melting point, but it significantly improves the 

soldering properties [20,21]. The research is at present 

devoted also to strontium, which positive properties include 

the reduced shrinkage and porosity, but it also exerts some 

refining effect on several alloys [22]. Strontium is added to 

solders for improving the wettability of the ceramic but also 

metallic substrates.  

The research work [23] deals with the development of new 
soldering alloys based on Al-Si-Zn-Sr destined for soldering 

the aluminum alloy type 6061. The effect of Sr on soldering 

alloy was studied. The results of the study have shown that 

Sr improved the wettability and strength of soldered joints. It 

similarly did not affect the melting point of the solder. The 

research has also shown that Sr addition resulted in a strong 

increase in overlapped joints by 14 % and by 11% in the case 

of butt joints. 

Therefore, the aim of this work is to study the new 

soldering alloys based on Sn-Sr and Sn-Ag-Sr. The work is 

oriented to the structural study of solders. The 

characterization of solders was performed by the method of 
measuring the concentration of elements, as CP AES, DTA 

analysis of soldering alloys, and the microstructural 

SEM/EDX analysis. 

 

II. EXPERIMENT 

The weighing of individual components was done after 

determining the weight proportions of the prepared alloy as 

input components for solder manufacture were used 

materials with a high degree of purity (4N). Solder 

manufacture in as-cast condition was accomplished in a 

vacuum oven. The method was as follows: the charges of the 
alloy were inserted into a graphite boat. The boat contained 

with the charge was loaded into a tube made of siliceous 

glass, 59 mm in diameter. After that, the tube was placed into 

a horizontal vacuum resistance oven, which means it was 

https://ijettjournal.org/archive/ijett-v69i10p207
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situated in the heating zone. If it is needed, the tube could be 

flushed with Ar through the flanges located on both ends. It 

is recommended to prepare this solder in Ar overpressure. 

After that, the entire charge was melted at the set 

temperature.  Certain metals have good solubility in the base 
matrix. The dissolving and homogenization of solder 

components lasted around one hour while the solder was 

cooled down under free Ar protection. The formed alloy was 

melted again in a graphite crucible after removal from the 

oven and thoroughly stirred and cast into a graphite boat 

where it cooled very rapidly. Table 1 is given the 

composition of solders. ICP analysis, or Inductively Coupled 

Plasma is a powerful chemical analysis method that can be 

used to identify both trace amounts and major concentrations 

of nearly all elements within a sample. To determine the real 

elemental content of the solder was used, ICP AES analysis. 

The TG/DTA analysis of Sn1Sr and Sn3.5Ag1Sr solder was 
performed on the equipment type DTA SETARAM Setsys 

18TM. The measuring system is provided with a cylindrical 

oven with a graphite heating element and appropriate control 

thermocouple, measuring rod, and the cooling medium. The 

crucibles made of Al2O3 inserted measured, and reference 

specimens were during experiment free laid on the measuring 

rod and were in contact with two thermocouples serving for 

the measurement of the difference in temperature between 

the measured and reference specimen. The heating rate of the 

specimen was 5 °C/min from the room temperature up to the 

temperature of full melting of the specimen. This led to 
defining the temperatures of phase transformations in the 

liquidus-solidus range, phase transformation in solid-state, 

and the enthalpies of phase transformations were also 

determined. The solder specimen went through the standard 

metallographic procedure such as grinding, which was 

performed using SiC emery papers with the granularity of 

240, 320, and 1200 grains/cm2. Polishing was performed 

with diamond suspensions with 9 μm, 6 μm, and 3 μm grain 

sizes. Final polishing was accomplished using OP-S (Struers) 

polishing emulsion with 0.2 μm grain size. The solder 

microstructure was studied using scanning electron 

microscopy (SEM) on TESCAN VEGA 3 and JEOL 7600 F 
microscopes with a Microspec WDX-3PC X-ray micro-

analyzer type to perform the qualitative and semi-

quantitative chemical analysis. 

 

III. RESULTS 

A. The results of ICP AES analysis of soldering alloys 

The results of measuring the specimens by the ICP AES 

method and the weighed amounts of solders are given in 

Table 1. 
 

 

 

 

 

 

Table 1.The results of ICP AES analysis and the weighed 

amounts of solders  

The average value of the element consisted of three 

measurements, whereas each element was identified 

individually. The results of analyses of alloying elements 

exert high reliability. The specimens were homogeneous, and 

the differences amongst the three measurements were 

minimum. The observations of ICP AES analyses have 

shown that the concentrations of Ag and Sr in alloys are in 
agreement with the weighed amounts of solders. 

 
B. DTA analysis of soldering alloys 

The results of the DTA analysis of soldering alloys are 

shown in Fig. 1. The specimens were during measuring 
process heated at the rate of 5°C/min. Fig. 1 a) shows the 

result of measurement done by DTA analysis of Sn1Sr 

solder. The measurement has identified the only peak, which 

corresponds to eutectic reaction of Sn-Sr. The temperature of 

the eutectic reaction was identified at 232 °C. In accordance 

with the phase diagram of Sr-Sn, shown in Fig. 2, the 

equilibrium temperature of eutectic reaction is also 232 °C. 

 

Fig. 1. a) DTA analysis of specimen No.1 - soldering alloy 

Sn1Sr; b) DTA analysis of specimen No.2 – soldering 

alloy Sn3.5Ag1Sr 

A weighed amount of solder 

Specimen No. Sn [wt.%] Ag [wt.%] Sr [wt.%] 

1. Sn1Sr Base - 1 

2. Sn3.5Ag1Sr Base 3,5 1 

ICP AES analysis of solders 

Specimen No. Sn [wt.%] Ag [wt.%] Sr [wt.%] 

1. Sn1Sr Base - 0,97 

2. Sn3.5Ag1Sr Base 3,73 0,94 



Roman Kolenak et al / IJETT, 69(10), 46-51, 2021 
 

48 

Fig. 1 b) shows the result of measurement from DTA 

analysis of Sn3.5Ag1Sr solder. In accordance with the phase 

diagram of Ag-Sn (Fig. 3), the composition of Sn-Ag binary 

alloy at a concentration of 3.5 wt. % corresponds just to the 

eutectic point when the eutectic reaction takes place at 221 
°C. The eutectic reaction for Ag-Sr system, at a 

concentration of 1 wt. % Sr takes place at the temperature of 

231 °C. The temperature of the eutectic reaction detected at 

222 °C by DTA analysis corresponds very well to the 

thermodynamic data for the given alloy type Sn-Ag-Sr. The 

eutectic reaction is connected with a significant thermal 

effect (60 J/g). 

 

 

Fig. 2. Equilibrium binary diagram of Sr-Sn with a 

marked concentration of Sn1Sr solder [24] 

 

Fig.3 Equilibrium binary diagram of Ag-Sn with a 

marked concentration of Sn3.5Ag1Sr solder [25] 

C. Microstructure of soldering alloys 

The microstructure od Sn1Sr solder is shown in Fig. 4. 

The structure was observed by electron scanning microscopy 

(SEM) in BSE mode. The figure shows the needles of the 

primary segregated intermetallic phase in the matrix, formed 
of peritectic. 

 

Fig. 4. Microstructural SEM analysis of Sn1Sr solder 

The microstructure of Sn3.5Ag1Sr solder is shown in 
Fig. 5. The structure was observed by light microscopy. The 

structure shows the needles formed by Ag3Sn and Sr-Ag-Sn 

phases. 

 

Fig. 5. Microstructural analysis of Sn3.5Ag1Sr solder 

performed by the light microscopy 

D. EDX analysis of soldering alloys 
Fig. 6 shows the map of elements where the components 

of Sn1Sr were identified. Strontium marked with violet color 

is contained in the acicular constituents together with Sn, 

marked by a yellow color, with majority proportion in them. 

The remaining part, besides the acicular constituents, is 

formed by tin. In order to prove these statements also point 

and planar analyses were performed in the given zone, as 

shown in Fig. 7. Their results are given in Table 2. 
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Fig. 6. Distribution of concentration of elements in Sn1Sr 

solder 

 

 

Fig. 7. EDX analysis of Sn1Sr solder 

Table 2. The results of point and planar analyses of Sn1Sr 

solder 

Spectrum Sr 

[at.%] 

Sn 

[at.%] 

Solder 

component 

Spectrum 1 5,3 94,7 phase SrSn4 

Spectrum 2 5,7 94,3 phase SrSn4 

Spectrum 3 6,5 93,5 phase SrSn4 

Spectrum 4 0,1 99,9 eutectic (Sn) + 

SrSn4 

Spectrum 5 0,3 99,7 eutectic (Sn) + 

SrSn4 

Spectrum 6  100,0 pure Sn 

Spectrum 7  100,0 pure Sn 

Spectrum 8  100,0 pure Sn 

In the shown spectra 1 to 3, the needles formed on an 

alloy composed of 94 at. % Sn and 6 at. % Sr may be 
observed. Those acicular constituents were formed at the 

primary crystallization. The marked zones of spectra 4 and 5 

correspond to the matrix formed of pure tin, where fine 

needles of a phase enriched with Sr (planar analysis) occur – 

this concerns (Sn) + SrSn4 eutectics with a high proportion of 

tin. In spectra 6 to 8, there are marked particles formed of 

pure tin. These observations are also proved by the work 

[24], supposing that at such a low Sr concentration, the SrSn4 

phase is present in the alloy. 

 

The map of elements shown in Fig. 8. shows the identified 

components of Sn3.5Ag1Sr solder.  

 

Fig.8. Distribution of concentration of elements in 

Sn3.5Ag1Sr 

The blue color depicts the acicular constituents, which 

are in considerable measure formed of Ag; however, they 

also contain a certain percentage of Sr. The surroundings of 

those constituents are mostly formed of tin marked with 

yellow color. For a more precise specification of the given 

elements also the spot and planar analyses were performed, 

as shown in Fig. 9, and its results are given in Table 3. 



Roman Kolenak et al / IJETT, 69(10), 46-51, 2021 
 

50 

 

Fig.9. EDX analysis of Sn3.5Ag1Sr solder 

Table 3. The results of point and planar analyses of 

Sn3.5Ag1Sr solder 

Spectrum Sr 

[at.%] 

Ag 

[at.%] 

Sn 

[at.%] 

Solder 

component 

Spectrum 1 
20,4 47,1 32,5 

phase Sr-

Ag-Sn 

Spectrum 2 
20,4 34,6 44,9 

phase Sr-

Ag-Sn 

Spectrum 3 
17,6 39,4 43,1 

phase Sr-

Ag-Sn 

Spectrum 4 
 2,9 97,1 

eutectic 
(Sn) + ε-

Ag3Sn 

Spectrum 5 

 1,8 98,2 

eutectic 

(Sn) + ε-

Ag3Sn 

Spectrum 6 
 69,0 31,0 

phase ε-

Ag3Sn 

Spectrum 7 
 68,2 31,8 

phase ε-

Ag3Sn 

Spectrum 8   100,0  pure Sn 

 

The marked spectra 1 to 3 in Fig. 9 show the needles with 

different orientations formed of Sr-Ag-Sn phase with a high 

content of strontium and silver. The planar analysis of the 

zones in spectra 4 and 5 shows the areas with occurrence of 

(Sn) + ε-Ag3Sn eutectics. The thin acicular constituents in 
spectra 6 and 7 in the Sn matrix correspond to ε-Ag3Sn 

phase. The results of X-ray analysis are affected by the 

surrounding matrix, regarding the width of needles below 1 

µm. The zone is marked. Spectrum 8 is formed of a matrix 

containing pure tin. 

IV. CONCLUSION 

The aim of the research was to characterize the new 

active soldering alloys type Sn1Sr and Sn3.5Ag1Sr. By 

experimental analyses, the following results were achieved: 

 From the results of the ICP AES analysis, it follows 

that the concentrations of Ag and Sr in alloys are in 

agreement with the weighed amounts of solders. 

 The DTA analysis of Sn1Sr solder has identified a 

reaction at the temperature of 232 °C. The results of 

measurement contain just one peak with identified 

eutectic reaction.  

 The DTA analysis of Sn3.5Ag1Sr solder has shown 

that the eutectic reaction occurs at 222 °C, which 

corresponds to the thermodynamic data for the 

given alloy type Sn-Ag-Sr. Ag content in this alloy 

has reduced its melting point by 10 °C.  

 Analyses of soldering alloy type Sn1Sr have 

revealed the needles of primary segregated 
intermetallic phase - (Sn) + SrSn4. The solder 

matrix is formed of pure tin.  

The needles of the Sr-Ag-Sn phase were identified in the 

structure of Sn3.5Ag1Sr solder, formed of a phase containing 

a high proportion of strontium and silver. The eutectic zones 

in solder are formed of (Sn) + ε-Ag3Sn eutectics. The solder 

matrix is similarly formed of pure tin. 
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