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Motivations

Functionalization of glass substrates by hydrophilic coatings

Ex: prevention of mist formation
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Thin hydrogels layers mechanically confined within contacts between rigid substrates
Stress amplification as compared to bulk hydrogel substrates

Enhanced drainage of the highly swollen gel network
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Role ofporoelasticityon mechanical and frictional properties ?



Model gel networks
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Liet al, Langmuir, 2015

Chollet et AlACSADpL Mat. Interfaces , 2016 \/ grafted to glass or silicon wafer substrates

V' controlled thickness from 250 nm 6%) to 2 pm% 10%)
V' controlled crosdinking (swelling ratio from 2.5 to 4)



Normal indentation response
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Approximate poroelastic contact model

Within the limits of confined contact geometriea >>¢,
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A No expansion of film deformation outside the contact

A Compression of the layer within the contact without lateral expansion
[Honly vertical displacement components are accounted for

A Rigid substrates
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Indentation kinetics

Mixture theory developed biot (1955)

A Normal contact stress:o (7, t)

Elasticity of the polymer network
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Fit of experimental data to the poroelastic contact model
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Characteristic poroelastic time t
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Equilibrium indentation depth
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Glass transition induced by poroelastic drainage

A Lateralcontactexperimentsihshearmodulusmeasurementsluringthe course of indentation drainage
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Steady - state friction :

Friction force F; (N)
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Contribution of  poroelasticity Peclet number
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Pore pressure distribution

A Extension of thgoroelasticcontact model to steadsgtate sliding
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= , X Pore pressure field induced during lateral motion
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Contact stress: velocity dependence

Hyp we enforcethat contact lineis a circlewith p(a;)=0
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Contact size reduction for Pe <1

A Numericalsolution of the poroelastic contact model J(?“, 9) > ()

Contactline a(g,v) ensuring p(?“ = G,(H, ’U)) = ()
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Conclusions & perspectives

A Indentation of thin hydrogels films confined within glass substrates

V  Approximate poroelastic contact model

g} { OF t A g andttak asfanctidn2of\gkl mechanical and diffusive properties
- contact geometry & loaitg conditions

V  Glass transition induced by drainage

A Frictional properties driven byoroelastictime
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V  Two frictional regimes- Pe> 1 equilibrium drainage state oot o1 1

-Pe< 1 pressure imbalance resulting in contact asymmetry and size reductio

MContact changes accounted for pgroelasticity

Contribution to friction force of viscous dissipation associated to poroelastic flow?

Friction force across glass transition?



