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ABSTRACT 

Selective soldering tools, such as nozzles and soldering irons are made of 

iron, or high purity ARMCO iron. The lifetime of these components is limited to 

around one month of continuous operation due to a degradation process during 

which the reactive solder melt dissolves iron atoms from the tool. A physical 

simulator was designed and produced to study the reaction between C45 steel 

samples and calm SAC305 solder melt. Experiments were performed up to 20 days 

of reaction which was followed by scanning electron microscope based 

microstructure analysis. It was shown that after a few days of reaction, the SAC305 

alloy dissolved a notable amount of Fe. Increasing the reaction time a clearly 

distinguishable Fe-Sn intermetallic layer formed at the C45 steel/solder melt 

interface. The thickness of the intermetallic layer increased with further increasing 

the reaction time.   

INTRODUCTION 

Unlike wave soldering techniques, selective soldering technologies are 

applied when only a single or a few joints are desired to be produced at a time. 

Selective soldering can be divided into two main groups, being selective wave 

soldering and selective hand soldering.  Although the realization and target use of 

the two methods differ, their common character is to produce a single joint through 

the precise deposition of the desired amount of solder melt. For both technologies, 

the soldering tool is most often made of iron or high purity ARMCO iron to ensure 

the required proper wetting between the solder melt and soldering tool. The proper 

wetting ensures a constant wave height during selective wave soldering, and the 

required solder amount at the iron tip during selective hand soldering. For both 

soldering types, the soldering tool is in contact with the solder melt, which tends to 

dissolve the Fe atoms from the tool. The continuous dissolution of Fe atoms 

macroscopically degrades the soldering tools: the smooth tool surface becomes 

rugged, and, as a result, improper wetting conditions form which demands the 

replacement of the soldering tools (Fig. 1). 

As the European Union issued the RoHS (Restriction of use of Hazardous 

Substances) directive, lead-free solder alloys replaced the previously used Sn-Pb 

alloys in most applications [1]. However, lead-free solder alloys have higher Sn 

content compared to previously used Sn-Pb alloys, and are proved to be more 

reactive in dissolution process of most metals, including iron [2-12].  
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Figure 1. Eroded soldering iron tip [2] 

 

The average lifetime of a selective wave soldering tool (nozzle) made of iron 

is about one month with continuous production using lead-free solder alloy. The 

frequent tool replacement and associated production interruption cause a notable 

economic drawback for the soldering industry. Therefore, many researches were 

addressed to investigate the underlying mechanism of the soldering tool 

degradation. It was revealed that an FeSn2 intermetallic is formed at the Fe/solder 

melt interface which thickens as the degradation proceeds (Fig. 2.) [2, 13].  

 

 

 
 

Figure 2. FeSn2 intermetallic layer at the Fe/solder melt interface [2] 

 

The aim of the present research is to investigate the Fe-Sn intermetallic layer 

formation on C45 steel samples placed in calm SAC305 solder alloy melt. To 

induce the intermetallic formation, a physical simulator furnace was designed and 

produced.  

 

EXPERIMENTAL 

 

 The produced physical simulator is a cylindrical, resistance heated furnace 

with double (inner and outer) crucibles. The crucibles are made of thermal shock 

resistant borosilicate glass to avoid any reactions between the solder alloy melt and 

the crucible. The 17 x 12 x 5 mm rectangular samples are fixed with borosilicate 

glass sample holders (lower and upper) within the inner crucible. The outer crucible 



was designed to be a safety barrier to avoid the furnace’s heating system from the 

solder alloy melt in case the inner crucible fractures. The simulator is powered 

through an emergency magnetic relay which exhibited the furnace from automatic 

reheating if an experiment was temporarily interrupted due to main power supply 

failure. The experiments were kept under daily control. In case of main power 

supply interruption, the furnace was reheated only after switching the magnetic 

relay manually on. In such case, the stop date of the actual experiment was 

corrected to reach the designed time duration. Because of that, the simulator is 

capable to perform experiments over periods of days. The furnace temperature was 

measured with a thermocouple placed between the inner and outer crucibles and 

was set to 305°C with a temperature controller.  From above, the crucibles were 

covered with a steel closing cup. The closing cup was designed to push the upper 

sample holder and thus, avoid the samples from floating. The scheme of the 

physical simulator is shown in Fig. 3.  

 

 
 

Figure 3. Schematic illustration of the physical simulator  

 

 The examined samples were made of C45 steel. The samples were austenized 

at 860 °C for 30 minutes, water quenched and subsequently annealed at 600°C for 

20 minutes and let to cool down in room temperature air. The 0.5 mm thick surface 

of the samples was machined to remove the oxides and decarbonised layer.  Before 

the dissolution experiments, the samples were placed in the sample holder within 

the inner crucible. The solder alloy was melted in air furnace and poured on the 

samples. Thus, the samples were protected from oxidation. Dissolution experiments 

were performed for 5 and 10 days. The tested samples were hot mounted in resin 

and cross sections were prepared with standard metallographic preparations. 

Microstructure analysis was carried out with a Zeiss Evo MA 10 scanning electron 

microscope (SEM) equipped with an energy dispersive spectrometer (EDS).  

 

 

 

 

 



RESULTS 

 

The SEM image taken from the cross section of the sample tested for 5 days 

is shown in Fig. 4. The composition of the solder alloy melt frozen on the sample is 

inserted.  

 

 
 

Figure 4. SEM image of the C45 sample tested for 5 days 

 

According to Fig. 4, no intermetallic layer is visible on the surface of the 

sample tested for 5 days. The Fe content of the solder alloy frozen on the sample is 

around 7 wt%. Since Fe is not an alloying element of SAC305 solder alloy, the Fe 

atoms were dissolved from the C45 sample, without a doubt. No Fe-Sn intermetallic 

layer is visible at the sample/solder melt interface.  

The SEM image taken from the cross section of the sample tested for 10 days 

is shown in Fig. 5. Compositions taken from the marked locations are inserted.  

 

 
 

Figure 5. SEM image of the C45 sample tested for 10 days 



 

 As seen in Fig. 5, a clearly visible intermetallic Fe-Sn layer is formed on the 

surface of the sample tested for 10 days. The Fe/Sn atom ratio is about 1/3 of the 

intermetallic layer, which is not the stoichiometric ratio of the FeSn2. The thickness 

of the intermetallic layer varies within the magnitude of a few 10µm. The Fe 

content of the solder alloy is around 0.5 wt%. Accordingly, a notable Fe dissolution 

was observed after 10 days of testing.   

 

 

SUMMARY 

 

 In the present study, the dissolution of Fe atoms into calm SAC305 solder 

alloy melt was investigated. To carry out the dissolution experiments, a physical 

simulator was designed and produced. The crucible of the simulator is resistant 

against the reactive lead-free solder alloy melt. Using the simulator, C45 samples 

were submerged into calm SAC305 solder alloy melt for 5 and 10 days to induce 

the dissolution. Scanning electron microscope microstructure analysis was 

performed on the tested samples.  After 5 days, notable Fe dissolution was 

observed, but no Fe-Sn intermetallic layer formed on the surface of the samples. 

After 10 days, visible Fe-Sn intermetallic layer formed with Fe/Sn atom ratio of 

about 1/3. The thickness of the intermetallic layer is in the magnitude of a few 10 

µm. The physical simulator was proved to be suitable to perform dissolution 

reactions between different test materials and solder alloy melts, which is 

fundamental for selective soldering tool development.  
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