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l.e., density of ice < density of liquid water Water expands 9.2 % while freezing

So, ice floats on water, but why is it slippery?

3
*M. Kuiper, MandM Modeling, https://research.csiro.au/mmm
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Pressure melting
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Every 100 atmospheres the melting temperature drops about 1 °C

Let’s do a calculation: how much mass do you need to melt ice at -10 °C?

1000 atmospheres

= 100 million Pa \, (

1 square cm




PRESSURE (102 atmospheres)

Pressure melting

30 /

=80 =60 —40.-=20 O =
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80 —60 —40 —20 0 o 40 0 100 120 We can skate at -10 °C and also below -22 °Cl

TEMPE °0)

6



§

8
I,

y

ol

The explanations of ice s_kaf

L &

AP

A

i

~
%

Three camps

A AN

Premelting Frictional heating

Pressure melting

.

[ ES i
FRIGLALN T [




DSR 502

g
g
o
c
S
€
<
=
9




Premelting

—

Experimental and theoretical evidence for bilayer-by-
bilayer surface melting of crystalline ice

M. Alejandra Sanchez?, Tanja Kling?, Tatsuya Ishiyama®, Marc-Jan van Zadel®, Patrick J. Bisson®, Markus Mezger™*,
Mara N. Jochum®®, Jenée D. Cyran®, Wilbert J. smit’, Huib J. Bakker, Mary Jane Shultz<, Akihiro Morita®",

T T T T
Davide Donadio™, Yuki Nagata®, Mischa Bonn™, and Ellen H. G. Backus™' E f

3Max Planck Institute for Polymer Research, 55128 Mainz, Germany; ®Graduate School of Science and Engineering, University of Toyama, Tgyama 930-8555, U 5 L . Stee' on Ice

Japan; “Laboratory for Water and Surface Studies, Department of Chemistry, Pearson Laboratory, Tufts University, Medford, MA 02155; “Institute of -

Physics, Johannes Gutenberg University Mainz, 55128 Mainz, Germany; “BASF SE, 67117 Limburgerhof, Germany; 'FOM Institute AMOLF, 1098 XG — E = _1 6_ 1 0‘20 J _ —
Amsterdam, The Netherlands; 9Department of Chemistry, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan; PElements Strategy " -

Initiative for Catalysts and Batteries, Kyoto University, Kyoto 615-8520, Japan; and 'Department of Chemistry, University of California, Davis, CA 95616
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. Floors get slippery when soap isused (L. - : - .
CAUTION -100 -80 -60 -40 -20

@ Temperature (°C)

g No evidence of bi-layer premelting in friction coef.,
| Water is a bad lubricant! .
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Frictional heating
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Friction does not depend on sliding
velocity, no evidence of “Stribeck”

behavior.

Scherge, Matthias, et al. "High-speed measurements of steel—ice friction: experiment vs. calculation.” Lubricants 6.1 (2018): 26.
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Surface
Diffusion

Hydrogen bonding is highly cooperative:
3 H-Bin a row >> 3 times an isolated H-B

Disordered Interface

So why can we skate?
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Weber, B, et al. "Molecular insight into the slipperiness of ice."
The journal of physical chemistry letters 9.11 (2018): 2838-2842.



Penetration hardness

So why can we skate?
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Temperature T (°C)

Weber, B, et al. "Molecular insight into the slipperiness of ice."
The journal of physical chemistry letters 9.11 (2018): 2838-2842.
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So whv can we skate?
= . ’“. E $ 2 .~:"/_

Water molecules have high mobility at the surface,
but bulk ice has an exceptionally high hardness
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How to investigate the dynam
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Let’s cut it!
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Ice

/Copper plate

Peltier

Cooling Plate
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Self-healing quite
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Self-healing by local sublimation a,.‘n*df%

To conclude: top molecules of ice are loosely bound (it is volatile):
e Causes slipperiness by surface diffusion
e Scratches disappear spontaneously and make the ice surface extremely flat
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Demmenie, Menno, et al. "Scratch-healing behavior of ice by local sublimation and condensation."
The Journal of Physical Chemistry C 126.4 (2022): 2179-2183.
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Energy consumption

Unfortunately, thermodynamics is acting against us:
* Water has a high specific heat capacity: it costs a lot of energy to decrease T
* Upon freezing, even more latent heat is released

What it we use additives? Na,So,

1.0

® 0g Na;SOs/L

® 0,01g Na;SO04/L
® 0,19 NaSOs/L
® 1g Na;SOs/L

T 3 sx® 33 3 |('\ All done at -7 C, as it is the
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What does salt do to the fr|ct|oh 5

The frlctlon curve shlfts to the Ieft
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l.e.: having the rink on a higher T, has the same effect!
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