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OUTLINE

= Generalities on Zeosils

= Basic idea : intrusion of aqueous solution into hydrophobic solids

= Energetic performances of Silicalite-1

= Conclusion
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| - GENERAL REMARKS ON MICROPOROUS SOLIDS - |

Zeolites and related materials

More than 253 structure types
(3 code letter): FAU, LTA, MOR, MFI,.....

0.3<D Pores<1.3nm
Specific surface area 400-900 m2.g!
Porous volume: 0.2-0.3 cm3.g1

Inorganic framework built from TO, tetrahedra
(T =Si,Al, Ge, P, ...)

Zeoslils

Silicates T = Si
Non-charged framework

Hydrophobic materials
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| Zeosils |

3D multichannel zeosils

Silicalite-1 (SiO,, MFI-structure type)

Unit cell formula of the calcined material SiyO,q,

Pore openings

3D channel system
(0.55 x0.56 nm)
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APPLICATION

Energy storage
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Generalities — Basic 1dea

Principle :

» to spread a non-wetting liquid droplet on the surface of a solid, a certain
pressure must be applied.

»Similarly to make this liquid penetrate a porous matrix the applied pressure
has to be higher than the capillary pressure P;,, which follows the Laplace-

Washburn relation :
Pine=-(2y,.Cc0s0) /1 é

.- liquid-vapor interface energy
0: contact angle.
" r: pore radius =°

During this process, mechanical energy is converted into interfacial energy
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Generalities — Basic 1dea

Intrusion of a non wetting liquid into a lyophobic porous solids [1. 2

Solid: porous silica gel, porous glass

Liquid: metal with low melting point (mercury,...)
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Generalities — Basic 1dea

Our work [1-13]
Intrusion of water into hydrophobic porous inorganic frameworks

Advantages:

Water: Liquid at room temperature
High surface tension
Non-polluting

Low cost
kinetic diameter 0.28 nm === /Zeosils
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Generalities — Water intrusion

Hydrophobic porous solids +water
> Compressibility curve

Step A:
Compression of the water-zeosil
system

Step B :
Intrusion of water into the pores

Step C:
Compression of the water-zeosil
system

Pressure

====| o Stored energy (W) :

AW=,, [ -PdV

CC}WS}%
%PC Thessaloniki 2021, 25 june 2021 ‘IS2M



10

Generalities — Water intrusion

Hydrophobic porous solids +water

» When the
pressure is released ‘ > Bumper
3 possible » Shock absorber p <<p
4 behaviors _ ext = int
> Sp”ng I:)extz Pint
Pint
» Reversiltieithemdmenoenon
o MhgertiysiergryStentsis

Pressure

o Régttpontahatiusly wepelled

‘ System able to store and
restore energy

Volume variation
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| Silicalite-1 — Water intrusion |

0,10 4 —=— Intrusion: cycle 1
J —o— Extrusion: cycle 1
008 — Intrusion cycle 2

—o— Extrusion cycle 2 74‘
. Intrusion cycle 3
006 4 _._ Extrusion cycle 3

Volume variation ( mL/g)

0 0 60 9 120 150 180 210
Pressure (MPa)
Stored energy ~10 J/g Yield > 98% Pore openings: 0.55-0.56 nm
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Silicalite-1 — LiCl aqueaous solution intrusion

Intrusion of LiCl aqueous solutions

0.3 -2~Extrusion LiCI (5 M)

0.7 - -=Intrusion LiCl (20 M)
o -=-Extrusion LiC1 (20 M)
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0.1 1 .
--Extrusion Water (0 M)

0 50 100 150 200 250 300 350
Pressure (MPa)

[LiC]]t mwmmm)p P, relative increase | mmmm)p Eg1

28
‘c"?\/@s)ee i
8
.\
C Khay, I. et al., J. Phys. Chem. C, 118, (2014), 3935. H
IS2M




Intrusion-extrusion of salt aqueous solutions in Zeosils — Performance

Pint,o/Pint,,,c (%)
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Increase of P, - up to 7.4 times

E. up to 93 J/g

P... T relative when pore opening
diameter|

Increase of P,;,;: Distortion and
desolvation of solvated ions under

penetration into micropores
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Potential applications

To store and restore energy

Concern space and transport domains

» Spreading of solar panels of satellites
» Opening of landing gear of aircraft

» Shock-absorbers or bumpers for motor vehicles
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Perspectives

Increase the stored energy
Synthesis of new porous solids with large pore volume,....

Developing new applications in this field

Study the influence of the agueous medium on
the energetic performances of zeosils

‘IS2M



16
Acknowledgments

This work was supported by the ANR

Institutions (UHA, CNRS, IUF)

: —’i'. UNIVERSITE
HAUTE-ALSACE

institut
universitaire
de France

e

.
)?eg ‘
%@C Thessaloniki 2021, 25 june 2021 ’.iSZM



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

