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This paper describes β-Sn to α-Sn transformation in its initial phase. This process is also known as a tin 
pest and currently it causes problems mainly in the field of soldering materials. To avoid misrepresenta-
tion of the results of artificial ageing of the samples; we have decided to use historical materials for our 
study. A sample from historical organ pipes was indented by naturally formed α-Sn polycrystalline parti-
cles by the load of 1 kg. The sample in the initial state was observed by SEM and analysed by EBSD 
mapping. The position of inoculator particles was documented again by SEM observation. Subseqently, 
the sample was freezed at -50 °C. The evolution of cracks started after 2.5h in the vicinity of indented α-
Sn particle. After 5 h of freezing, new cracks were observed also in the untouched parts of the sample. 
The crystallografical interconnectedness was not proven for polycrystalline samples. 
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 Introduction 

The tin-based materials are often used mainly as 
soldering material. Nowadays, the main attention is 
focused to the lead-free solders from ecological 
reasons [1]. Materials in general are influenced by 
environment temperature changes. Usually, the 
microstructure evolutions are studied at elevated 
temperatures, but low temperatures can also lead to 
microstructural changes [2]. In case of tin, the 
situation is complicated by presence of low 
temperature allotropic modification α-Sn with the 
volume significantly larger than the higher-
temperature β-Sn, see e.g. our recent theoretical study 
[3]. The phase transformation from metallic β-Sn to 
covalent, powder α-Sn is called the tin pest [4]. This 
phenomenon is usually studied on artificialy aged 
samples, which can misrepresent the results. This 
problem can be elegantly solved by analysing historical 
materials with the same composition as have the 
soldering materials. These materials can be found e.g. 
organ pipes.  

The orientation dependence between α-Sn 
inoculator and transforming β-Sn matrix was already 
described. In the real situation, that could be described 
as “infection by tin pest” the α-Sn particle is not 
necessary monocrystalline. In the following paper, the 
initial phase of β-Sn to α-Sn transformation is shown 
attempting to be as close to the real situation as 
possible. The sample from historical organ pipes was 

indented by α-Sn particles created naturaly in the 
church environment. 

 Experimental 

The sample taken form original organ pipe material 
was observed in this study. The chemical composition 
of the material was inhomogenous. The sample 
observed in this study was taken in the central part 
composed mainly of Sn with Cu content under the 
detection limit of EDS analyzer. The sample was 
prepared by ion polishing using Gatan PIPs system 
that is original dedicated for the TEM sample 
preparation. It explains the shape of the sample (3 mm 
disc) and the hole in the middle of the sample. The ion 
polished sample was observed by TESCAN VEGA 3 
SEM equipped by EBSD analyzer by Oxford 
Instruments. The sample was indented using 
FUTURE TECH FM-700 testing machine with a 15 s 
dwell time and 1 kg load. Two positions were 
inoculated by α- Sn particle and one position was only 
indented by diamond. 

 Results and Discussion  

The orientation mapping performed on the initial 
sample by EBSD technique is shown in Fig. 1. The 
sample quality was sufficient in places exposed to ion. 
The places located under the sample holder had low  
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surface quality and did not exhibit Kikuchi patterns. 
This explained the unindexed places in left bottom 
and right top corner of Fig. 1. The grains of initial 
samples were uniaxial with predominantly [111] and 
[101] crystallographic orientations (see the blue and 
green colored grains in the right-side sub-figure in Fig. 
1) and size of sereval tenth of micrometers. The 
preferential orientation of the β-Sn grains is important 
because the crystallographic orientation dependence 
of forming α-Sn to initial β-Sn was described in 
literature [5,6,7].  

After observing of the initial sample shown in Fig. 
1 and Fig 2a, the sample was indented. The positions 
of indents are shown in Fig 2b and labelled with red 
arrows. The positions “1” and “2” were inoculated by 
α-Sn, while position “3” was indented just by 
diamond indentor. After 2.5 h of exposure to -50 °C 

temperature, first cracks occurred, as shown in Fig. 2c 
and labelled with yellow arrow. When compared with 
the EBSD map in Fig. 1, the crack was not located in 
one specifically oriented grain. 

 

Fig. 1 Orientation mapping of initial sample (EBSD) 

 

Fig. 2 Sample stages overview – a) initial state, b) after indentation with red labelled indentations, c) sample after 2.5 h at -50 °C 
with yellow labelled cracks, d) ) sample after 5 h at -50 °C with yellow labelled cracks 

 
To prove the orientation of crack, EBSD map was 

performed on the sample exposed to – 50 °C. 
Unfortunately, the indentation and crack formation 
led to deformation of the sample that shifted the 
sample out of the diffraction plane. Only extremely 
poor EBSD map was obtained, as illustrated in Fig. 3. 

 

Fig. 3 Orientation mapping of indented sample after 2.5 h at 
-50 °C (EBSD) 

 
Interestingly the main changes were observed in 

the morphology of the inoculator. That proved the 
recrystallization of deformed α-Sn particles. 

 

Fig. 4 Detailed micrograph of sample after 2.5 h at -50 °C 
in position labelled with yellow “1” in Fig. 2c 

 
Fig. 4 shows the detail of the very first cracks 

formed after 2.5 h of sample freezing. The cracks were  
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probably formed by change of volume during the 
phase transformation. The material in the vicinity of 
the cracks is deformed in a form of blisters that are 
typical sign of the tin pest. 

 

Fig. 5 Detailed micrograph of sample after 5 h at -50 °C in 
positions labelled with yellow “1” and “2” in Fig. 2d 

 
After freezing for another 2.5 h (5 h in total), the 

evolution of cracks can be observed in Fig. 2d. When 
compared Fig. 4 and Fig. 5, the inoculator cannot be 
distinquished after longer time of freezing. Due to the 
branching of the cracks, it is not possible to calculate 
the rate of transformation. Interestingly, the newly 
formed crack “2” is even longer than the first 
observed crack, see Fig. 5. 

 

Fig. 6 Detailed micrograph of sample after 5 h at -50 °C in 
position labelled with yellow “3” in Fig. 2d 

Fig. 6 shows the crack evolution that occurred 
radialy around the inoculating α-Sn particle. The 
length of the cracks is comparable independently on 
the direction of the crack. 

After 5 h at -50 °C, the crack occurred even in the 
not inoculated part of the sample. One crack was 
observed close to diamon indent and was labelled “4” 
in Fig. 2d and its detail is presented in Fig. 7.  

 

Fig. 7 Detailed micrograph of sample after 5 h at -50 °C in 
position labelled with yellow “4” in Fig. 2d 

 
Interestingly, the crack labelled by “5” in Fig. 2d is 

located in the non-inoculed and non-indented part of 
the sample, detailed micrograph is given in Fig. 8. 

 

Fig. 8 Detailed micrograph of sample after 5 h at -50 °C in 
position labelled with yellow “5” in Fig. 2d 
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Original historical material was used for this study 
that was stored at room temperature for several year. 
Still, it is possible that the material contained very 
small amount of non-transformed α-Sn that served as 
internal inoculator. Unfortunately, its amount is low 
to be detected by XRD and by overview EBSD that is 
presented in Fig. 1. Performing EBSD map in 
sufficient resolution on the whole surface of the 
sample would be extremely time consuming with a 
chance of sample drift as it is glued by carbon tape to 
the sample holder. In future, observation of the ion 
polished samples is planned that could solve the 
above-mentioned problems. 

 Conclusion 

The organ pipe material from Sn with very small 
amount of Cu was observed in this study. After 2.5 h 
of exposure to -50 °C, first traces of phase 
transformation were observed in form of cracks in the 
α-Sn inoculated part of the sample. After 5 h exposure 
to -50 °C, increased number of cracks was observed 
in different direction. It seams that the phase 
transformation is not orientation dependent.  

Acknowledgement 
The authors acknowledge the Czech Science 
Foundation for the financial support received un-
der the Project No. 22-05801S. The authors 
acknowledge the assistance in TEM sample prep-
aration provided by the Research Infrastructure 
NanoEnviCz, supported by the Ministry of Edu-
cation, Youth and Sports of the Czech Republic 
under Project No. LM2018124. 

References 

 PRŮCHA, V., JANSA, Z., VESELÝ, V. 
(2021).Influence of Deep Cryogenic Processing 
on Carbide Grain Size in Sintered Carbide WC-

Co. In: Manufacturing Technology, Vol. 21, No. 1, 
pp. 117-123. ISSN 1213–2489. DOI: 
10.21062/mft.2021.004 

 BOLIBRUCHOVÁ, D., BRŮNA, M. (2013.) 
Effect of Germanium on Secondary Lead-free 
Tin Solders. In: Manufacturing Technology, Vol. 13, 
No. 3, Paper number: M201353, ISSN 1213–
2489 

 FRIAK, M., MASNICAK, N., 
SCHNEEWEISS, O., ROUPCOVA, P., 
MICHALCOVA, A., MSALLAMOVA, S., 
SOB, M. (2022). Multi-methodological study of 
temperature trends in Mössbauer effect in Sn. 
In: Computational Materials Science, Vol. 215, 
p. 111780.  

 CORNELIUS, B., TREIVISH, S., 
ROSENTHAL, Y., PECHT, M. (2017). The 
phenomenon of tin pest: A review. In: Microelec-
tronics Reliability, Vol. 79, pp. 175-192, Elsevier, 
ISSN: 1872-941X, doi.org/10.1016/j.micro-
rel.2017.10.030 

 OJIMA, K., TANEDA, Y., TAKASAKI, A. 
(1993). Direct observation of α → β transfor-
mation in tin by transmission electron micros-
copy. Phys. Stat. Sol. (A), Vol. 139, pp. 139-144. 
https://doi.org/10.1002/pssa.2211390111 

 OJIMA, K., TAKASAKI, A. (1993). High-res-
olution electron microscopy of the grey-white-
tin interface. Philosophical Magazine Letters, Vol. 
68:4, pp. 237-244, 
https://doi.org/10.1080/09500839308242418 

 MITCHELL, D.R.G., DONNELLY, S.E. 
(1991). A transmission electron microscopy 
study of the β→α-phase transformation of 
tin. Philosophical Magazine A, Vol. 63:4, pp. 747-
755, 
https://doi.org/10.1080/01418619108213911 




