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Introduction

Legislation has been passed in Europe to remove lead from electronics assemblies. But, in addition to component surface finishes, solder containing lead is also prohibited. 

Lead-free tin-based solders are still relatively new and are untested in widespread applications. Many of their characteristics have yet to be fully defined. One area in which there has been little research is in their behavior during long periods at low temperatures.

This paper addresses a characteristic of high tin content lead-free solders that may not be familiar to many people, tin plague. It is the disintegration of pure tin into powder as it loses its crystalline structure at low temperatures. It is called a “plague” because it appears to spread like a disease. The phenomenon is also known as "tin disease" or "tin pest" as shown in Figures 1 and 2. 
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Figure 1 – Tin-0.5 mass % Copper After Aging at Minus18° C

Courtesy of Y. Kariya, N. Williams, and W. Plumbridge
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Figure 2 – End of Test Sample Aged for 1.5 Years at Minus18° C

Courtesy of Y. Kariya, N. Williams, and W. Plumbridge

Deterioration of Lead-free Tin Solder at Low Temperatures (Tin Plague)
Tin has two allotropes. One is the familiar gray metal, called beta-tin (tetragonal crystalline structure). The other is a crumbly, white, non-metallic powder known as alpha-tin or white tin (cubic crystalline structure). 

At temperatures below 13° C (56° F), a gradual change occurs in tin’s crystalline structure from tetragonal to cubic. The rate of change reaches a maximum around minus 30° C  (-22° F) and results in the disintegration of metallic tin into a powder.

Tin plague can be suppressed or even eliminated by alloying tin with metals such as bismuth, antimony, or lead that are readily soluble in tin. Bismuth and antimony are effective at levels as low as 0.5%. However, the level of lead should be at least 5%. Traditional eutectic tin-lead solder is 37% lead so tin plague has not been a problem in the past.

The alloying elements found in the most widely used lead-free solders are copper and silver. These form intermetallics with tin but do not prevent tin plague. Research at the Open University at Milton Keynes in the U.K. by Plumbridge and his associates have shown tin plague in some tin-silver-copper alloys. 

Potential Impact on Lead-free Electronics

Aerospace and military electronics are often exposed to extended storage and operation at temperatures that are conducive to the growth of tin plague. 

Armed forces aircraft and space satellites in particular spend extended periods at these temperatures, creating a definite threat to long-term reliability. Failure of the solder could cause open circuits, intermittent opens, or even units falling apart.

Tin Plague in History

Tin has been used for thousands of years in many different applications. During that time, tin plague has been mentioned many times by historians. Some of the instances may have been exaggerated over the years, but none of them has been positive.

One story has it that Napoleon’s troops had beautiful shiny tin buttons on their uniforms. However, the alloy had never been tested with long exposure to the bitter cold of a Russian winter. The buttons crumbled to powder, leaving the French troops scuttling to find ways to hold their clothes together while fighting the Russians.

In cathedrals of northern Europe, tin plague was a serious problem for tin organ pipes. Sometimes the organ pipes completely disintegrated during extremely cold winters.

The failure of Captain Robert Scott’s Antarctic expedition was partially caused by the lack of fuel. Supposedly, his kerosene cans had been soldered together with pure tin rather than tin-lead solder. The seams failed, and the kerosene leaked into the snow.

Conclusion

Lead-free solders have a vulnerability to tin plague - the disintegration of solid tin into powder after prolonged exposure to temperatures below 13° C (56° F). Alloying tin with at least 5% lead or 0.5% or more of antimony or bismuth are effective ways to prevent tin plague.

Until more is known about the performance of lead-free tin solders, they should be avoided in applications where reliability and long life are important.  
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