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Abstract 

The aim of work consists in the study of interactions on solder/substrate boundary in fluxless soldering of self-hardening Al alloy 
Al7075. The ZnAl5Mg3 and ZnAl5Cu3 solders were used in experiments. The soldering parameters were as follows: soldering 
temperature from 350 ºC to 390 ºC., acting time of ultrasonic energy 3 to 5 s, ultrasound frequency 20 kHz. Soldered joints were 
assessed by optical light microscopy, EDX microanalysis and XRD analysis. It was found out that the ZnAl5Mg3 solder is 
composed of β-Zn phase and of eutecticum composed of Mg2Zn11 intermetallic phase. ZnAl5Cu3 solder is composed of β-Zn 
phase and CuZn5 intermetallic phase in base β-Zn matrix. Due to eutectic reaction between the solder and substrate, strong 
interaction on boundary was observed.  The reaction layer was formed mostly of α(Al)-β(Zn) mixture. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of DAAAM International Vienna. 
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1. Introduction 

Fluxless soldering is a technology which, owing to application of certain techniques, allows to eliminate the need 
of flux in the process of removing surface oxides during soldering. Interest in such a method is ever growing at 
present mainly from the side of industrial plants, since there is growing number of products, that cannot be 
fabricated by use of flux [1]. This concerns for example the sensor devices, bio-medicine of photonic equipments.  

With growing use of Al and its alloys also suitable way of metallurgical joining of these materials was searched 
for [2]. Soldering technology is one of such possibilities. Due to environmental requirements, interest in fluxless 
soldering is topical nowadays.  Soldering of Al and its alloys at low temperatures is usually done with Sn based 
solders, but in case of  higher temperatures the Zn based solders are mostly used [2].  
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Authors [3, 4, 5, 6] have studied the microstructure and mechanical properties of joints by application of ZnAl5, 
ZnAl3 and Zn-Sn solders. Removing of surface oxides was realised with the aid of ultrasonic energy. The  Al 
2024/ZnAl5/Al 2024 joints were fabricated at soldering temperature 400 ºC. By prolonging the time of ultrasonic 
vibrations from 3s to 30s a drop in the volume of fine eutectic phases from 12.9 % to 0.9 % was observed and also 
tensile strength increased up to 149 to 153 MPa. The  Al 1060/ZnAl3/Cu joints were fabricated at soldering 
temperature 400 to 480 ºC. Formation of Al4,2Cu3,2Zn0,7 intermetallic phase with the lowest thickness 1.9 μm was 
observed at soldering temperature 440 ºC. The highest tensile strength measured at this temperature was 78.93 MPa. 

Authors [7, 8, 9, 10, 11] studied the properties of Zn-Al based solders for higher application temperatures. 
Considered were ZnAl5Cu3, Zn-Al-Ge, ZnAl4Mg3Ga3 and ZnAl4 solders. Addition of higher amount of Al and Cu 
affected the growth of eutectic-eutectoid phase what caused increase in hardness and tensile strength. Wettability of 
Zn-Al-Ge solder was better at higher temperatures approaching the maximum working temperature of silicon chips. 
The measured shear strength varied from 15.5 MPa to 22.3 MPa. Soldering of chips by use of ZnAl4Mg3Ga3 solder 
may be realised at temperature 320 ºC or higher. The fabricated joint has shown good properties after exposure to 
thermal cycles. No cracks or other defects were observed. Addition of  1% Cu to ZnAl4 solder in case of soldering 
on  Cu substrate resulted in reduction of activation energy for growth of intermetallic compounds. Soldering of  pure 
Al and Cu with ZnAg6Al6 solder was studied in the work [12,13].  

The work deals with fluxless method of soldering Al alloy type 7075 with application of solders for higher 
application temperatures. The research was oriented to study of interactions on solder/substrate boundary. 
ZnAl5Cu3 and ZnAl5Mg3 solders were used in experiments. Disruption of surface oxides will be realised via 
ultrasonic vibrations. 

2. Experimental 

Self hardening aluminium alloy type Al 7075 in form of rolled sheet 2 mm in thickness was used for soldering. 
The speciments were made in a round shape with diameter ø 15 mm and 12x5 mm. ZnAl5Cu3 and ZnAl5Mg3 
solders were selected for soldering Al 7075 alloy. Chemical composition of solders is given in Table 1.  

Table 1. Chemical composition of used solders. 

Chemical composition Zn 
[wt. %] 

Al 
[wt. %] 

Cu 
[wt. %] 

Mg 
[wt. %] 

ZnAl5Cu3 92 5 3 - 
ZnAl5Mg3 92 5 - 3 

The hot plate with thermostatic regulation was used as the heat source for achieving the soldering temperature. 
Removal of surface oxides was ensured by application of ultrasonic equipment type UZP 2 with 40 kHz frequency 
(Fig. 1). Soldering temperature varied within the range from 350 ºC to 390 ºC. Time of acting of ultrasonic 
vibrations was 3 to 5 seconds.  

 
      Fig. 1. Scheme of equipment for ultrasonic soldering. 
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3. Experimental Results 

Microstructure of ZnAl5Cu3 and ZnAl5Mg3 solders is shown in Fig. 2. Structural components of solders were 
determined by use of equilibrium binary diagrams, microanalysis EDX and by calculation using Thermo-Calc 
software. Solders consist of βZn solid solution and βZn+CuZn5 (ZnAl5Cu3) and βZn+Mg2Zn11 (ZnAl5Mg3) 
respectively. 

          
 

Fig. 2 Microstructure of solders a) ZnAl5Cu3; b) ZnAl5Mg3. 

The soldered joint of Al 7075/ZnAl5Cu3/Al 7075 is shown in Fig. 3. Structural constituents were determined by 
linear microanalysis EDX (Fig. 3a). Solder/substrate boundary is shown in Fig. 3 b. Strong interaction between 
substrate and solder was observed. The transition zone is formed by α(Al)-β(Zn) mixture. It can be seen that Zn 
diffused from solder to substrate and formed a thick layer. Spatial distribution of elements is shown in Fig. 3 c.  
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Fig. 3. Al 7075/ZnAl5Cu3/Al 7075 jointa) line microanalysis EDX of the joint; b) solder/substrate boundary c) spatial distribution of 
elements. 
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The soldered joint of Al 7075/ZnAl5Mg3/Al 7075 is shown in Fig. 4. Structural constituents were determined by 
linear microanalysis EDX (Fig. 4a). Strong interaction between substrate and solder created a different structure of 
the solder after soldering. Solder/substrate boundary is shown in Fig. 4 b. As in the case of previous joint, the 
transition zone is formed by α(Al)-β(Zn) mixture. Between that phase, Mg2Zn11 intermetalic compounds were 
identified. Spatial distribution of elements is shown in Fig. 4 c.  

 

       

 
                               Mg                                                        Al                                                         Zn 

Fig. 4. Al 7075/ZnAl5Mg3/Al 7075 jointa) line microanalysis EDX of the joint; b) solder/substrate boundary c) spatial distribution of 
elements. 

4. Conslusions  

The present work dealt with soldering Al alloy substrates with use of Zn-Al based solders. Subject of this work 
consisted in the study of interactions on solder/substrate boundary. Soldering was realized by use of ultrasonic 
energy with 20 kHz frequency. ZnAl5Cu3 and ZnAl5Mg3 solders were used in experiments. Soldering temperature 
varied within the range from 350 ºC to 390 ºC. Acting time of ultrasonic vibrations varied in range from 3 to 5s. The 
fabricated joints were analyzed by use of light microscopy and EDX microanalysis.  

Based on achieved results, the following was observed:  

 ZnAl5Cu3 solder consists of βZn solid solution and βZn+CuZn5 mixture 
 ZnAl5Mg3 solder is composed of βZn solid solution and βZn+Mg2Zn11 mixture 
 strong interaction between the liquid solder and solid substrate was observed 
 mechanical mixture of α(Al)-β(Zn) on the solder/substrate boundary was identified 
 diffusion of Zn from ZnAl5Cu3 solder to substrate was observed at the interface 

It was proved, that application of ultrasound in soldering resulted in high quality of metallurgical bonds. Strong 
interaction between the solder and substrate was achieved. In further research, determination of the strength 
properties of solders and joints is necessary. 
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