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Why can NMR bring obviousanalyticinformation  ?

Local interaction liquid water - porousmedia 
Ҧ YŜȅ ŎƻƴŎŜǇǘ to understandtransport

MRI and other imagerytechniques
Ҧ Direct visualisation ofwater transfer in mesoporeand macropore

« DynamicNMR relaxometry»
Ҧ No invasive, quantitative and unique full description of water transferover time for the mostof nanoporousmaterials!

Exemple : Silicaglass

Lehouxet al, Physical 
ReviewE, 2016

Usingcolloidaldepositionto mobilizeimmiscible fluidsfrom porousmedia
Joanna Schneider, Rodney D. Priestley, and SujitS. Datta
Phys. Rev. Fluids, 2021

But, not relevant for the mostof nanoporousmaterialsΧ Toolow spatial and temporal resolution
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Water trasfer in Vycor

Surface area = 100 m² /g
Pore radius =пΦс ƴƳ όҒ ƳƻƴƻŘƛǎǇŜǊǎŜύ 
Pore volume = 0.218 cm3 /g
PorosityҒ лΦо

Can we follow water transfer as imbibition or drying directly by a non invasive experimental way ? 

Vycor= pure fused silica glass by an isotropic, 
3D network of interconnectedtortuous pores.
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T2,ads. water= 2 ms

T2,sat. pore= 10 ms
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Drying time (h)

Vycorimbibition by the bottom, a way to attribute the relaxation times

T2 (ms) distributions
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waterAir

Ҧ Fast exchange όbŀƴƻǇƻǊŜ ǎƛȊŜ ғғ ҞόсΦ5Φ¢нύ ύ betweensurface and bulk water ishighlighted(T2,bulk>> T2,Surface)
Ҧ м baw peakfor saturatedpore (Tarrand Browstein, 1979):
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Generalisationfor partially saturatednanoporousmedium (Relaxation = surface interaction process)

Drying (t)

Ҧ Cŀǎǘ ŜȄŎƘŀƴƎŜ bulk and surfacewater 
Ҧ мκ¢2,Pure liquid << 1/T2,Pore

T2Ғ 
4нΣŀŘǎΦ
ō .  

±ǿŀǘŜǊ
{ǿŜǘ

Surface 
water

Bulk 
water

Imbibition (t)

Ҧ Mandatoryto fully description of the drying

ᴼ±ȅŎƻǊΥō= 0,38 nm Ғ ǿŀǘŜǊ moleculesize (full wet surface remaining) 5



Vycorslow drying by the top surface

Ҧ .ŀŎƪ ǘƻ initial state by constantand falling drying rate period.

Ҧ Homogeneousdesaturation

Ҧ ¢2ʰ a
3 Peak area  h Sat° ʰa3

S(wet) constant during the constant drying rate period

Saturation (%)

T2 (ms)

z (cm)
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drying 
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drying 
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Ғ м
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Drying of porousbeadpacking
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Large pores

Small pores

Ҧ 2 pore sizes initially filled

Ҧ Progressive disappearanceof liquid in large 
pores, homogeneousdesaturationof large pores
όŀƴŘ ŘǊȅ ŦǊƻƴǘΧύ

Internalwater 
(smallpore)

Intersticialwater
(large pore)

T2,sat. smallpore T2,sat. large pore
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From integral of pdf over different ranges of T2é 

The smallpores remainsaturateduntill full desaturationof large pores (constant wet surface) 
and ensurethe transport of liquid toward the free surface (constant drying rate period).
Then, smallpores start to dry slowly(falling drying rate period).

Drying of porousbeadpacking

w Ғ н ҡƳ

Ғ м

T2,Large PoreҒ 
4нΣǎǳǊŦΦ
ō .

±л
{

T2,Small PoreҒ 
4нΣǎǳǊŦΦ
ō .

±м
{м

T2,Sat.(Large pore) / T2,Sat.(Small pore) Ҧ {Ƴŀƭƭ ǇƻǊŜ ǎƛȊŜ Ғ пΣп ƴƳ (Vycor: 4,6 nm)
Sat°Sat.(Large pore) / Sat°Sat.(Small pore) Ҧ ±ƻƭǳƳŜ ŦǊŀŎǘƛƻƴ ƻŦ internal water Ғ оо ҈ (Vycor: 30 %)
Fast exchange theoryόtƻǊŜ ǎƛȊŜǎ ғ ҞόсΦ5Φ¢нύ ύ : Ҧ Specificsurface Ғ мнл Ƴчκ Ǝ (Vycor: 100 m²/g)
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To concludeΧ

Dynamic relaxometry

Ҧ Dƭƻōŀƭ ŀƴŘκƻǊ ƭƻŎŀƭ efficient and original time resolvedmethodologyto describefully liquid transfer, evenin 
nanoporousmaterials
Χ thanksto T2 distributionsand profiles.

Ҧ 9ȄǘŜƴŘŜŘ ǘƻ other (bio-based) material and all the water or protonic liquid transfersin nanopores.

Ҧ 5ƛǊŜŎǘ ǾŀƭƛŘŀǘƛƻƴ ƻŦ predictivemodelsof water transfer in nanoporousmedia !
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Thanksfor your attention !

10



11



Expectedresultsof dynamicrelaxometry
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2T

2T

2T

2T

NMR signal

Ɋ: 
saturation

Z (cm)

H sample(cm)

Z (cm)

H sample
(cm)

Z (cm)

H sample(cm)

12



( )( )
0
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¤
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* NMR excitation (Hydrogen proton spin) => Back to equilibrium: Relaxation

* Relaxation times depend on the molecule environment

* In a porous medium: various possible relaxation times => Total signal:

( )0( ) exps t s t T= -

Probability density function

2( )a T

2T

Inverse Laplace Transform =>

Bases of NMR relaxometry

1 2( , )T T
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In a pore: 

Two main relaxation times:
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Drying of humid cellulose fibersby the top surface

Initial state : Pure humidcellulose
- Saturatedin boundwater (T2 < 10 ms) 

Ҧ intrafiber water = nanopore
- No free water(T2 > 10 ms) 

Ҧ interfiber water = mesopore

2 clearstages during the desorption:

SlopeόƭƻƎό¢нύ Ǿǎ ƭƻƎόtŜŀƪ !ǊŜŀύ Ғ 1
Ҧ /ƻƴǎǘŀƴǘ wet surface (T2ʰ a

3 and  Peak area  h a3)ҭ Non adsorbedwater drying

SlopeόƭƻƎό¢нύ Ǿǎ ƭƻƎόtŜŀƪ ŀǊŜŀύ Ғ 1/3Ҧ Isotropicshrinkage
ҭ Adsorbedboundwater drying (T2 Vh/S h  a1 Peak areah V h  a3)
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Slow 
dry air

Fibre dimension :
700 x 20 µm
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Biporousmaterial drying
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