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Expertise, experience and scientific interests

ÁPositions :

ƺGroup leader at CIC energiGUNE research center, Spain

ƺResearch professor at University of Silesia, Poland

ÁInterests :

ƺInterfacial phenomena, wettability, capillarity, corrosion, porous media

ƺEnergy storage, conversion, dissipation
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E N E R G Y  B A L A N C E

Intrusion - extrusion for energy applications
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Lyophobic (hydrophobic) 
porous material

Non-wetting liquid (for example, water)
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ENERGY BALANCE

Intrusion - extrusion for energy applications
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E N E R G Y  B A L A N C E

Intrusion - extrusion for energy applications

ÅCurve 1 ςaccumulation of energy

ÅCurve 2 ςreversible dissipation of energy

ÅCurve 3 ςirreversible dissipation of energy



Ret rospec t i ve
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Macroscopic view on the evolution of the topic
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Fundamentals:

Materials:

Applications:

ƛƴǘκŜȄǘ ǇǊŜǎǎǳǊŜ   ƘŜŀǘ ƻŦ ƛƴǘκŜȄǘ       ƳŜŎƘŀƴƻŎƘŜƳƛǎǘǊȅ             ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ 

oxides + alloys      salts solutions
grafted silica + water          zeolites + water     MOFs + water     stableMOFs or COFs? 

negative thermal expansion 
bumpers negative compressibility
shock-absorbers thermal energy storage
springs άŦƭŜȄƛōƭŜέ ǎƘƻŎƪ-absorbers
thermal actuators regenerative shock-absorbers

20191994

2001 2013

2021нлмп

Terminology L
Å Heterogeneous lyophobic systems
Å Molecular springs
Å Liquid springs
Å Repulsive clathrates 

1992
Partial declasification

~ 50 Classified patents

1980
idea

Understanding crisis

Materials crisis

Valentine 
Eroshenko



Bumpers ï retrospective  
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E N E R G Y  B A L A N C E

Intrusion - extrusion for energy applications

ÅCurve 1 ςaccumulation of energy

ÅCurve 2 ςreversible dissipation of energy

ÅCurve 3 ςirreversible dissipation of energy



First intrusion-extrusion Bumper

Nanoporous material 

+ non-wetting liquid

Eroshenko~1988



CƛǊǎǘ ƛƴǘǊǳǎƛƻƴπŜȄǘǊǳǎƛƻƴΦ /ǊŀǎƘπǘŜǎǘ

˨ͦ ͪ͊͟΄-͔ͭͫͭ͊

After the crash-test No damage after the crash!

Conditions:

Speed: 35-40 km/ h

Mass of the car: 915 kg
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Bumpers  ï perspec t i ve   
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E N E R G Y  B A L A N C E

Intrusion - extrusion for energy applications

ÅCurve 1 ςaccumulation of energy

ÅCurve 2 ςreversible dissipation of energy

ÅCurve 3 ςirreversible dissipation of energy

ÅLƴŎǊŜŀǎŜ ǇƻǊƻǎƛǘȅ

Å¢ǳƴŜ ƛƴǘǊǳǎƛƻƴ ǇǊŜǎǎǳǊŜ

Å{ǘŀōƛƭƛǘȅ ƻŦ ǇƻǊƻǳǎ ƳŀǘŜǊƛŀƭ ƛǎ ƴƻǘ ŀƴ ƛǎǎǳŜ

Å9ƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀǊŜ ƭŜǎǎ ƛƳǇƻǊǘŀƴǘ



Shock - absorbers  ï re t rospec t i ve   
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Intrusion - extrusion for energy applications

ÅCurve 1 ςaccumulation of energy

ÅCurve 2 ςreversible dissipation of energy

ÅCurve 3 ςirreversible dissipation of energy



Shock-absorbers

Conventional 
shock-absorber

LƴǘǊǳǎƛƻƴπŜȄǘǊǳǎƛƻƴ 
ǎƘƻŎƪπŀōǎƻǊōŜǊ

Frequency independent 
dissipation

Works of
Å Eroshenko
Å Suciu


