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Bridging Scales for Coupled Subsurface
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Roustaei and Bagherzadeh, 2015
Hendraningrat et al. 2013b
Zhang et al., 2014
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Context: groundwater remediation
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Bridging Scales for Coupled Subsurface
Processes through Numerical Models and
Microfluidic Expertise
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Particles driven by salt gradients: Diffusiophoresis @i

Electrophoresis Chemiphoresis

e Counter-ion
® Co-ion

¥ Diffusiophoresis

Ud = Ue + U ~ Vinc
— Shin et al., Physics of Fluids (2020)

20 May 2026 INTERPORE 2026 6




ISTO PV?\ RE

Diffusiophoresis in porous media
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These results suggest that diffusiophoresis likely has a significant impact in
porous media. However, in the present cases, the salt gradient was not
well controlled.
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How does diffusiophoresis concretely influence the
transport and spatial distribution of colloids within a
heterogeneous pore network?

ls it possible to establish and maintain a controlled, steady-state salt gradient?
(JHow does a salt gradient cause particle motion and affect particle behavior?

dIn which regimes does diffusiophoresis have an impact?
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Experimental set-up
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Formation of the salt gradient Akeates
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Particle injection with no salt gradient: control ﬁw*”w SE
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Particle injection with no salt gradient: control s i
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Particle injection with salt gradient ga,gm e e
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Particle injection with salt gradient R i
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normalized width

Particle injection with salt gradient
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Microfluidic Expertise
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Particle injection with salt gradient B S
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Particle injection with salt gradient R
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Influence of Peclet number on particle behavior &=
X %108 Normalized particle concentration REV3
I | I I I I I I I
5 - -P&=0.5
? Pé=5 <
2 P&=10 Iy
£ 15 |[—Peé=50 gl -
S —Pé=100 f
= = A W N

As Pé decreases, particles drift toward higher concentration. This effect is

very marked in the diffusion-dominated regime (Pé < 1).
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Conclusion and perspectives IR S

Conclusion
oA stable concentration gradient is established and sustained during particle injection.

oFor advection-dominated regime, diffusiophoresis shifts particles toward the higher
concentration region.

oFor diffusion-dominated regime, the particle distribution exhibits a different shape.

Perspectives
olnfluence of salt and particle properties on diffusiophoretic transport in porous media.

oComparing the results with numerical models.
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Thank you for your attention!

| would be happy to take any questions.

PAULINE.ETIENNE@UNIV.ORLEANS.FR

(erc trace-it, 101039854).
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PHYSICAL REVIEW FLUIDS 10, L032501 (2025)
T

Inhibition of mineral dissolution by aggregation of colloidal particles
driven by diffusiophoresis

Sophie Roman®* and Flore Rembert
ISTO, UMR 7327, Université Orleans, CNRS, BRGM, OSUC, F-45071 Orléans, France

M (Received 22 September 2024; revised 24 November 2024
accepted 15 January 2025; published 18 March 2025)

(a) Bl Caco-, H,0 (c) HCI + carboﬂ-coated particles CaCOs; + particles
3, H2
+ particles
@™ HCLH,0 ¢ ;
CaCO,

(d) HCI + sulfate-coated particles CaCOgj + particles
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Diffusiophoresis in porous media s

1 Flow

0 ]0“ ! R ' R ! | ! o et ]
C N T — : ]
1 i ]
)
-3 z
Z 107 |
4 C
-5 L
Particle I
distribution oL
C 1 1 11 |||| |I|l| J_l_l_l N
[LLEar R R L ] l_llll'.l'll‘ll- - . ~ Y vz, w ; 10 1 [(_]'n |U1 ][j3
PRI SCI NS NP R e RSO B 3 . time [3]
T e A e P G o e experiments
I - \' PO S8 ’3 . SEEEEEEEEEEEEEEEEENZQ . .
=d *. : ‘. > f’.{:-v A s -E n 3 Eﬁ . ¢1/co=100 C]_/C(]=1: S|mu|at|0n
E_ > A ‘ 2 ‘ e ;: : 3 ‘ - E78 = " Fralin s s s :....(‘,.1 c'[.;fl)'h" C.l CT); :
E -I 'i / J‘;' ‘J 'y ../;: 3 gigzi = E{i?:..T.._......_.._..:
e f‘ A ey J s.'}h“ ."a { i s e e R L AN diffusiophoresis control diffusiophoresis control
EEmEEEEEE (2 (] TR AmEEEEY . .
Alipour et al., Science Advances (2026)

Jotkar et al., Journal of Fluid Mechanics (2024a)

20 May 2026 INTERPORE 2026 25




. . (] (] . Bridging Scales for Coupled Subsurface
Processes through Numerical Models and
Di usSiopnoresis Iin porous medadla

1 Flow N

0 W m——sls

1 %r B

- e

4 RS AR
These results suggest that diffusiophoresis likely has a significant impact in

d-'porous media. However, in the present cases, the salt gradient was not

o 7 =X Z0 - soronaaa e e I I ¢1/co=100] c1/co=12 simulation
AL e A, olu | A N LTS = =1 — — EEEEERER EEEEpEERR
SN - 3 st 0 - r 4 ‘ ’ o ey o - s . Fralin s s s : (217(:[,—{01] Cl/-cl) r-
ARt G R T Vo oe : A B=0.6 mmm—— fo1 — — "
34 \ . 'y 3.5 v A : ., L : ke 1 ﬁ—(—).tl — l: IIIIIIIIIIIIIII "

e 1 N (b 2 ] TR 8=10.2 — B=0

e 1 l& . - 1 ’. Hﬁn

S AN G S350 R 5 S R Tl B 3 iffusi i iffusi i trol

.l'l l'l‘l . l“}sililJrl ‘}l'!l'li('l' : : - d|fo5|0ph0reS|5 contr0| dlfoSIophoreSIs contro

, , Alipour et al., Science Advances (2026)
Jotkar et al., Journal of Fluid Mechanics (2024a) ’
20 May 2026 INTERPORE 2026 26



D, D)=

NI=
Coupled Subsurface
merical Models and

=
5.3
g5

w3
gg¢
.
2]

8s

(=37
V)
[= 34
Beo

S
W ©4d>

mmm ] mm

10

Particle injection with no salt gradient: control
4

27

INTERPORE 2026

20 May 2026




ISTCP4RE
Io? | Ni=
Bridging Scales for Coupled Subsurface

Particle injection with salt gradient I
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