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Microfluidics & Lab-on-a-chip




Microtluidics for production ?

* Better quality
* Lower footprint
* Lower consumption

From early stage to full scale production

Large-scale production
Number-up ? E_r‘lll N\
No change of process 1
J UL

R&D

 Lower development cost
e Reduce time to market
* Flexibility in production



1) Flow crystallization
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1) Flow crystallization
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Flow vs. batch crystallization of APIs
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Fine control of the nucleation rate
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[Rimez, Septavaux, Debuysschére & Scheid, Journal of Flow Chemistry, 2019]



Influence of shear on the nucleation rate

Laminar flow
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[Debuysschére, Rimez, Zaccone & Scheid, Crystal Growth and Design, 2023]
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2) Solvent extraction by pervaporation
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Separation by pervaporation

(a) Inert gas

/
Under vacuum 0 w

Feeding mixture W@ ' WW////// ///// ///M i ///////////M -

(H,O/H,0,/MeOH) ‘ -

Vapour enriched in volatile components
Liquid reduced in volatile components

Vapour channel

PDMS membrane

quuid channel

Serpentine channels

[Ziemecka, Haut & Scheid, Lab-on-a-chip, 2015]



Modeling

Purge-gas pervaporation
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Theoretical Efficiency

L(Lp)ml (Lp) Quantifies the transfer of

N = 1-— Lot — methanol from the liquid

channel to the vapour channel

. L (Lp)hl (Lp) Quantifies the conservation of
N2 = Lohg H,0, in the liquid channel

n=mn;

Overall efficiency of the chip




Theoretical Efficiency

my = 0.74, hy = 0.11,
T="70°C - P= 0.5 bar
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Experimental proof-of-concept

(a) (b)




Theory vs. experiment

B=4284,my=0.71, hy = 0.112 and P = 1 bar.

e Experimental points

Less than 1% methanol at the outlet
H202 concentration increase 3 times

[Ziemecka, Haut & Scheid, Microfluidics,& Nanofluidics, 2017]
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3) Micro-emulsification
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Micro-emulsification

Traditional emulsification in batch “ Microfluidic technology
Polydispersity A Monodispersity
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Background
Different ways of making microdroplets
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Co-flow

Silicon oil, @),
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Guiillot et al. Phys. Rev. Lett. 2007



Droplet generation: 2 mechanisms

1. Rayleigh-Plateau mechanism
(Dynamic instability)

Constant Radius ——»

Perturbations
grow

Criticallength _____, ="



Dripping to jetting transition

Rayleigh-Plateau mechanism

Convective instability = Jetting  Absolute instability = Dripping
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Droplet generation: 2 mechanisms

2. Pendent drop
Berry et al., JCIS, 2015] (St atiC lnSt ablhtY)

Surface tension force
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Micro-droplet generation

Rayleigh-Plateau mechanism “Pendent droplet” mechanism
= Dynamic instability —> Static instability
Jetting Dripping

Co-flow

Co-flow-
focusing

[Utada et al. 2005, Erb et al. 2011]

Non-embedded
co-flow-focusing

RAYDROP
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[Evangelio et al. 2016]

[Dewandre et al. 2020]



Raydrop

Non-embedded co-flow-focusing

4 cm 3D printed nozzle

Input capillary Output capillary

A Dk

Nozzle

lnuous phase, Q. * No coating needed

Di d ph \4 * No surfactant needed
1spersed phase, Qd V ° a o b o o ¢ o W/O and O/W
‘\

e e *  Miscible fluids
180 pm * 10 to 400 pm

Water in mineral oil, 500 Hz
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Dripping (D) to quasi-static jetting (QSJ) transition

Unstable
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Dropsizer
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How to mesure the size of a droplet?

Raydrop 030-150um
configuration 60-300pm  90-
450um
Yy (MN/m) 50 &
Mg (cP) 1 ~ P
He (cP) — 1 3 R
Qq (Ml/min) == 1, 4 O
Qe (Wl/min) = =g s

69 um, 1163 Hz
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Couple 2

Dripping/jetting transition

Quasi-static limit Qg < Q¢
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Couple 2

Phase diagram
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mineral oil in water

Universality

air in FC-40 oil (b) water in FC-40 ol

100pm —

TGS N

resorcinol-formaldehyde solution

ethanol in mineral oil (d) in mineral oil

ethyl acetate in water (h) dichloromethane in water
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Single
Emulsion

Double
Emulsion

Single and double emulsions for encapsulation
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https://www.nature.com/articles/s41598-020-77836-y

1) Flow crystallization
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Making big volumes with small capillaries




From Secoya to TIPs
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Thanks for your attention
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