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Fluid transfers in nanopores through dynamic NMR relaxometry
Benjamin Maillet(oral presente}, PhilippeCoussqgtRahimaSidiBoulenouaiNavierlaboratory)
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Why can NMRbring obviousanalyticinformation ?

Local interactiodiquid water - porousmedia
M YSeé& QougderStdntiiransport

MRI andother imagerytechniques
[HDirect visualisation ofvater transferin mesoporeand macropore

i

e . j}" i : . e 1 v »)‘ _{‘ - =
Usingcolloidaldepositionto mobilizeimmisciblefluidsfrom porousmedia Lehouxet al, Physical
Joanna Schneider, Rodney D. PriestleySandS.Datta ReviewE, 2016
PhysRevFluids 2021

But, not relevant for thenostof nanoporousmaterialsX Toolow spatial and temporakesolution

« DynamicNMRrelaxometry »
HNo invasive, quantitativeand uniquefull description of watertransfer over time for the mostof nanoporousmaterials!

Exemple Silicaglass 2



Water trasfer in VVycor

Vycor=pure fusedsilica glas®y an isotropic,
3D network of interconnectedortuous pores.

Surface area 100 m? /g
Pore radius 71 d ¢
Pore volume= 0.218 cra/g
n®o

Porosityf
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Can wefollow water transferas imbibition or dryinglirectly by anon invasive experimental wa$

0,5 teslas

+ Gradienfield

MinispecBruker

Dry air flux l l

Typicalsizesample: 1 cn¥
Typicalduration of 1 cycle afxperiment 5min

NMR signal rbl_owerq: H X
T, distribution the way to the nanopores
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Vycorimbibition by the bottom, away to attribute the relaxation times
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1D Profiles
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Generalisatiorfor partially saturatednanoporousmedium (Relaxation = surface interaction process)

bMandatoryto fully description of the drying
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Vycorslow drying by the top surface Dry air Maillet, SidiBoulenouarCoussat2022
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Drying ofporousbeadpacking

Large pores
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[H2 pore sizesmitially filled

[bProgressivalisappearancef liquid in large
pores,homogeneousdesaturationof large pores
YR RNE FTNRBYGXO0




Drying ofporousbeadpacking From integral of pdf over differentr anges of T26é
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|Small pores
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Thesmallporesremain saturateduntill full desaturationof large pores (constanivet surface)
andensurethe transportof liquid toward the free surfacgconstant drying rateperiod).
Then smallpores start to dryslowly(falling drying rateperiod).

T, saLarge pore) / T, (Small pore) M { YI ff FLI2nNBn ayAv S (Vycor: 4,6 nm)

Safs,(Large pore) Safs,(Small pore) M +2f dzY S TidihaDaaterF y oD Fi(Vycor: 30 %)

Fast exchangtheoryo t 2 NB & A 1 S:4 MySpekibcurdbe ¢ ma 10 Yuk I (Vycor: 100 m7g)
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ToconcludeX

Dynamicrelaxometry

M Df 20 f lefjfidert @anNaridirgl@nhefresolvedmethodologyto describefully liquid transfer, evenin
nanoporousmaterials
X thanksto T2 distributionsand profiles.
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M 9 E G S RS Rio-liaed material and all the water orprotonic liquid transfersin nanopores

M 5ANBOU @iledickvRrhodeksf yiate2 tfansferin nanoporousmedia!
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Thanksfor your attention !
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Expectedesultsof dynamicrelaxometry
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Bases of NMR relaxometry

* NMR excitation (Hydrogen proton spin) => Back to equilibrium: Relaxation (T;, T,)

s(t) = g exp( -¥T)

* Relaxation times depend on the molecule environment

* In a porous medium: various possible relaxation times => Total signal:
s(t) = {3 a/)(exp( - 4))d T, =1/

a(/) Probability density function
+ Inverse Laplace Transform =>

a(T,)

v
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In a pore:

Two main relaxation times: Signal of a given molecule:
a
s(0° g Fexp( - 1PT) sexpg - /D
C SH t=

St

T2 surt abDt/T = 0 / Ty qurf 'tbLM T2 buk
i
Tosurt < T2 buik Total time spent over the surface: D
Brownstein-Tarr (1977)
« Fast exchange » assumption => at any time: t= £ . +t [ e= M
t
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Evolution of the pdf depending on material characteristics

Simple (homogeneous) shrinkage or swelling
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Drying ofhumid cellulosefibers by the top surface
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1 - Initial state : Purehumid cellulose
- Saturatedin boundwater (T2 < 10 ms)
[bintrafiber water = nanopore

- No free water(T2 > 10 ms)
[binterfiber water =mesopore

NMR signal (arb. units
NN
o

Relaxation time (ms) FibrTimension :
700 x 20 pm

2 clearstagesduring the desorption:
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Biporousmaterial drying

T2 distributions
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