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1. Context

- Dead-end filtration of colloidal particles

[Bacchin, Gordon Research Conference Membranes,2006]
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O Diffusion and
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O~0 O convection J lp—D(9) =0
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Compression and
— permeation
in a deposit
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LI A single equation to describe concentration polarisation and deposit layers
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DOU individual diffusion coefficient
K(@UO sedimentation coefficient
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1. Context

* Filtration model for non-interacting hard spheres

L

.
L

Permeability Osmotic pressure

Happel equation Carnahan-Starling equation
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1. Context

* Filtration model for charged hard spheres

Experimental
measurement

Permeability Osmotic pressure

30000 - 0O —.—l
- |
Happel equation / |

—_ Terit
2 /3 /3 < P '
K _ 2rp E?; 45§01 +4.5([75 3(02 g20000- . ] —
h 1 = @ 055 crit 0e
" 9 3+2¢" ~. s
':;j o exp. value of dispersed phase
k (¢) dI_I § 10000 — o exp. value of condensed phase
— fitting curve =]
n}
0 Pl
0 0.1 0.2 0.3 0.4 0.5 06
Volume fraction (-)

salination, 2006]

B ool Ece - Soccin . 3 Bacchin et al.

)
2 O A e e oneaieiae, 8 R R OI0L Lt S0 215l

deposit

dispersion  #

03

02

0.1

0,0E+00

0

0 5 10 15 20

0,E+00 5,E-05 1E-04 2.E-04 2.E-04 3.E-04 3.E-04
t (x1000s) Distance from the membrane (m)
cl L] o [ Profi de concentration (4) { Profi de concentration (2) [ Profi de cc ton (3) an;d \Graphs /* I<
i« » N\ Exo { Fodl { Grahi £ ol (2) Y Graphz2 { Hodel bessere. ¢ T T o— 5PT e .
o s | \ N OO S A G @A 0 L A-SEEAG]) ;21@;’8‘7;%%'\\‘]0““)@&0 < 244
ENDB R DB -

I démarrer. € © 6 ” [ & coumr entnt-to

Ii démarrer @ ©) G | EIMowRPouer.. | & Comnerentant-.. | g besee bacchin... | B D:pengBBioR.. S t8achn picsis | Sl pofldecancen

B e . T



2. Research questions

' Filtration model for compressible and/or permeable particles

Permeability Osmotic pressure
1:-. Happel equation Experimental
im — o measurements
= k(@) dIl
U dx

Emulsio Casein micelles

n
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2. Research questions

' Filtration model for compressible and/or permeable particles

Permeability Osmotic pressure
1‘ Happel equation feit ]
% L - ey [
PP 3+ \ /% i .,;-
Jok@dn Tie o
/,l dX E 1000 5 O O .
locr—1 * oA B ]WbJ.,ZOOQ]

Casein concentration (gL}

~80% Of the protelns |n mllk [Bouchoux et al., Biophys. J., 2009]

= Colloidal object (= sphere) :
Size distribution ~50-500nm
Water content 3.7g water/g proteins

Why milk filtration ?

Cheese production & proteins fractionation i i
Casein micelles
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2. Research questions

' Filtration model for compressible and/or permeable particles

Permeability Osmotic pressure
"‘ Happel equation 19000003 n
1 W - o @ et
(’S) - 3 ~__ s BO2K:
k(o) dliml ¢ o '
J = (§0) : Og -1 L
/,l dX a 1000 5 | .,..«"""'i
- How to determine the permeability? = etk Siephys 3. 2009

Casein concentration (gL}

[Bouchoux et al., Biophys. J., 2009]

Casein micelles
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3. Measurement of permeability: strategy 1

- Using osmotic stress

e
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3. Measurement of permeability: strategy 2

- Using the model “reversely” [gowen et wiliams, 3. col. Int. Sci., 2001]

Permeability Osmotic pressure

1000000 o

Model validation: - -

Can we use the results for the N %{% : e

prediction of filtration in any -,

other conditions? k(@) dn «— |
J =

Osmotic pressure [1 (Pa)

=
=
ul
u

u dX HH -l
[Boqchotljx etlal., Biophyls. J., 2009]

T T
1 10 100 1000

Casein concentration (g/L)

[Bouchoux et al., Biophys. J., 2009]
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4. Permeab
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4. Permeability of casein micelles

- Permeability values = 2 regimes

4 Document1 - Microsoft Word

close packing
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4. Permeability of casein micelles

"Regime 1 - Before close packing
close packing

3 Microsoft Excel - C.kBowen .xls
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Very different from the “monodispersed hard spheres”
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4. Permeability of casein micelles

close packing

*Regime 1 - Before close packing

1,0E-13

[McMahon etjOommen, J. Dairy. Sci., 2008] 1,0E-14
1,0E-15 7
f
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1000

The difference is not due to thepolydlspersny

It should not be due to the porosity of micelles

dlgpcélrsspersmns of porous particles are supposed to be more permeable than

of hard particles [Adade, JCP, 2010]
Other effects (proteins residual from proteolyses of micelles ) affect the

measurement? [1 work in progress...
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4. Permeability of casein micelles

*Regime 2 - After close packing
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happel 9<0 3+ 2¢5/3
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5. Permeability of modified casein micelles

- Effect of NaCl 100mM

C
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Filtration experiments
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5. Permeability of modified casein micelles

- Effect of NaCl 100mM _
close packing
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5. Permeability of modified casein micelles

- Sodium Caseinate

Fig. 4. Electron micrograph of 0.25% cascinate.

Casein Sodium
micelles caseinate

Filtration experiments Osmotic pressure
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5. Permeability of modified casein micelles

- Sodium Caseinate

E3 Microsoft Excel - C.kBowen CS 4bar xls
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[J More tortuous or less porous structure

>350 g/L, the permeabilities of the two dispersions become similar
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5. Permeability of modified casein micelles

close packing
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6. Model validation

Permeability Osmotic pressure
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6. Model validation

' Prediction vs. experimental results

B3 Microsoft Excel - profil de concentration.xls
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The results are satisfying and encouraging

B e . T



7. Conclusion
1. %ng@iiﬂpedégﬂ (Hagneability of dispersions of permeable and

2 regimes = before and after close-packing

o O rm
o) —
“c 0 2z

2- ((Are hEcales aiadaUvidealdrimeakigsfigpegmeability can be limited

3. Able to predict the filtration of soft objects — General model for colloids

In the future...

Continue to understand how the permealbility is affected by the organization of
casein molecules in the micelles? What are the consequences on the filtration?

pH? Internal cross linking by enzyme?...
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