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Have you ever been wondering why ice is so slippery? Why we can skate on ice, but skating on glass is impossible? For comparison, ice is much more slippery than other materials with approximately the same attributes (meaning texture of surface, density and others).

So, why is ice so slippery? The answer to this question is a little complicated. In a nutshell, the reason for its slipperiness is caused by a physical phenomenon called ice regelation.

What is responsible for ice slipperiness?
As was mentioned earlier, ice slipperiness is caused by ice regelation. It makes a big difference between ice slipperiness and a regular friction of two objects. Ice regelation is when some object makes pressure on the surface of ice. A thin top layer of the ice will melt and water will appear. After termination of the pressure, the water layer will get frozen again. Although the water layer is really thin, it helps reduce the friction.
Following element is, of course, friction between the surfaces of ice and object. Friction as physical phenomenon is responsible for plenty of basic natural laws or even human activities. You are able to do so many activities only because of friction, for example drawing. Without friction, you would not be able even to walk. But on the other hand, it is a really undesirable thing for example in engineering and there it causes many problems. Machines lose efficiency and produce heat. Many engineers have to deal with that. Fortunately, that is not the problem in our case, because this friction is created on the surface of the ice. So heating is not counted in the experiments. There is some heating for sure, but in such a small amount, that counting it in would not change the value of the results at all.

It is known that material differences also affect friction. If the object is made of good heat-conducting material, the ice underneath will melt faster. But don’t misunderstand it, the water layer is extremely thin, almost invisible. Slipperiness will be highly increased because of the layer of water between these two objects. We can say that the more water will be created between the ice and the object, the more slippery ice will be. 

It must be admitted that one of the things most affecting ice friction is probably the structure of the slipping object. For instance, probably everybody knows that it will be much easier for everyone to skate on sharp iron razors than on blunt ones. The same rule applies not only for shape, but structure itself. By this is meant something like “micro structure”. Quickly explained, it is the type of structure observable only on a microscopic level. It does not sound like it would change any results, but as you will see from the experiments, this element is important too.

From sentences above and also from the experiments, it could be deduced that absolutely biggest thing affecting ice friction is certainly the temperature of ice itself. If ice is cold enough, the water layer between the ice and the object will not even create. What does it mean? Well, in first place, slipperiness will be definitely decreased, because water between these layers has similar function as oil. If you have oil between two mechanical pieces, it will be much easier to move them. That is similar as in my case, only there is water instead of oil.

Equipment
Which physical phenomenon affects the ice slipperiness the most? A value of the slipperiness of the ice is taken as a result and this question can be answered by comparing results between each other. The experiments had to be done on the device which had to deal with all important physical phenomenons mentioned earlier. But not only that, the results had to be accurate enough to make a bunch of graphs based on acquired data.
Finally, after many cups of coffee, the equipment fitting our requirements was invented. There is just a quick description of the equipment and a rough explanation of how does it work.
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A core of this equipment is a well isolated box with an ice (blue) in it. On the ice stands a testing object (green). The box with the ice stands on a surface with adjustable high (h) on one side. Thanks to adjustable high, also a tilt angle can be adjusted. That is important part of the equipment, because the results had to be derived from tilt angle. In the middle of the ice, there is a drilled hole for a thermometer (brown), that adds an ability to measure the temperature of the ice. So in the end, only two values were measured, the temperature and the tilt angle.
Measuring procedure
The temperature of the ice was noted down. Then the box with the ice had to begin tilt more and more. At the exact same time as the object started sliding, the value of the tilt angle was written down. This routine was repeated several times until the ice completely melted, approximately each 2°C. To get the ice at very low temperature, liquid nitrogen was used. So the temperature of the ice at the beginning of the experiment was something about -40°C. Every measuring was done three times for the results to be more accurate.

Three different objects were tested to prove that slipperiness depends on a used material: steel, aluminum and glass. Gained results were compared between each other. Under this paragraph are included previews of two graphs, just for a comparison. You can see how the friction changes her values depending on the temperature of the ice. And this dependency changes with the material of the object. For instance, with a glass object coefficient of the friction descends really slowly when the ice is coldest, but the warmer is ice, the faster friction descends. But a steel object has exactly opposite tendency.
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Conclusion

So back to the first question, why is ice so slippery? The experiments proved that mainly it is caused by the smooth surface of the ice and by the thin water layer under yours skates. The ice slipperiness also depends on the temperature of the ice. Maybe you thought that the lower temperature has ice, the more slippery he will be, but from the experiments is clearly visible, that the opposite is true.
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