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UNDERSTAND THE MECHANISMS INVOLVED IN ULTRAFILTRATION OF
CASEIN MICELLES UNDER ULTRASOUND

Why Casein micelles?
» Casein micelles is the main protein contained in milk.

» It plays a key role in milk processing (cheeses, yogs, ice-creams
...) and especially in ultrafiltration processes.

Why ultrafiltration process?

» Milk production in European Union is about 43 billion € each year.
» Turnover of 117 Billion € in dairy processing.

»Concentrate species for subsequent treatments.

»Casein standardization, bacteria removal, concentra soluble

protein '
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o 0 ¥ 0 B2 Ultrafiltration process performance is governed by the
89g<£&> %g"o structural organization of the casein micelles

w accumulated on the membrane
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Casein micelle dispersions

Aggregates both heterogeneous in size and composition:
Casein (0, 0, Bet k ) + Colloidal calcium phosphate (CCP)

Skimmed milk: agueous suspension of caseins micelle soluble proteins + mineral and organic salts

Globular micelle
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CROSS-FLOW MEMBRANE ULTRAFILTRATION PROCESS

Goal

Concentrate or purify
nanoparticles dispersions

Transmembrane
pressure AP Velocity V

Cross-flow Q

Permeation flux J _ _
Colloidal particles

Water, Parmaceutical Agro-industries Chemical
waste water Bio-industries industries
treatment




CROSS-FLOW MEMBRANE ULTRAFILTRATION PROCESS: LIMIT ATIONS

velocity V ] Permeation flux evolution

> Increase of particle concentration during time

A\

Drastic reduction of the permeation flux

» Transition from stable filtration to unstable critical regime
with limiting flux J;,
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CROSS-FLOW MEMBRANE ULTRAFILTRATION PROCESSES: LIM ITATIONS

Rheological behavior evolution

velocity V

> Increase in viscosity and shear stress at increasing
volume fraction (t, z) near the membrane surface

» Sol-gel transition?

103 \\HHH‘ \\HHH‘ \\HHH‘ \\HHH‘ T TTTT ¢V C (g/L)
e e . ..® 084 ® - 2025
10 * ° Eg% 0.82 ® - 198.45
mom R 79 1917
B Ep A

— £C e W g 078 e 189
& o ATy BT 076 0 1836
PE gIA s TR 40,74~ 180.9
o N B R 30724 1755
g Lo N0 T w2 20694 16875

S 1000 w ALTT 0664 163
Q@ o BN 4 Y@ 7060 - m - 1485

n =R E,fy(,pf’ 1 054---=--- 135

10 B R - 0.43----4--- 108

K a Y. o 1032 v 81

P P - 021754

10-2 | HHH% | HHH‘? \\'H!Hl\p | \HHH‘ Ll 0'11777707777 27

10> 10" 1 100 100 10°

Shear rate (él)

t= Shear- thinning L Yiels Stress by

135giL 185 giL C (g/L)

N

Accumulation of particles near the
membrane surface during time U



EFFECT OF ULTRASOUND ON THE STRUCTURAL ORGANIZATION IN THE

ACCUMULATED LAYERS

Acoustic streaming Cavitation

=,

Ampli. Of pressure

Formation Growth  Implosion

Cavitation bubbles

W. Dridi et al., 2007 C.E. Brennen et al., 2000



EFFECT OF ULTRASOUND ON THE STRUCTURAL ORGANIZATION IN THE

ACCUMULATED LAYERS

Cross.-flow flux Ultrasound waves (US)

Qv
E—

Transmembrane
pressure AP

s%

Membrane

Permeate flux J |,

Interest of Ultrasound

Control of concentrated layer formation

and aggregation of colloidal particles internal colloidal

Increase the filtration performance interactions

In-situ SAXS is a powerful method to _ Viscosity
elucidate the structuring mechanisms internal stress
involved in ultrafiltration processes

External
Shear flow




DEVELOPMENT OF AN INNOVATIVE SAXS CROSS-FLOW US-CO UPLED

FILTRATION CELL

Filtration cell

................................................

— Piezoelectric

transducer
Filtration cell Vibrating [ J]— Metalrod
Thermostatic
§ bath blade
25° C Jv
C : R n
Feed in etentate
I M ............... . SO AR AN NN
Balance Membrane = Permeate

Pump

Feed vessel Hengl et al., Ultrasonics Sonochemistry, 2013

PES membrane Characteristics of ultrasound
Material: polyethersulfone Frequency: 20 kHz
Cut-off: 100 kDa Amplitude: 1.6 um
Supplier: Rhodia Orelis Input power: 2-10 W
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EFFECT OF ULTRASOUND ON THE STRUCTURAL ORGANIZATION IN THE
ACCUMULATED LAYERS ( In-situ SAXS)

Concentration
polarization laye
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DETERMINATION OF CONCENTRATION PROFILE FROM IN-SITU SAXS
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ULTRAFILTRATION OF SKIMMED MILK UNDER ULTRASOUND:

MACRO-SCALE APPROACH

Membrane permeability (x10° L.h™.m?.Pa?)

Filtrations Re TR caseins
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ULTRAFILTRATION OF SKIMMED MILK UNDER ULTRASOUND:

COMBINATION OF MACRO-SCALE RESULTS AND NANO-SCALE OBSERVATIONS
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EFFECT OF CURATIVE AND PREVENTIVE MODE
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Conclusions

Development of an innovative US filtration ce cell

v' Access to in-situ characterization
by SAXS of concentrated layers =
during ultrafiltration process. rEa

Skim milk under UF assisted by US

S o e
v Characterization of the phenomena induced by the US: §N o
- Disaggregation of accumulated particles near the membrane é
surface 8 R = N S|
- Take into consideration the curative and preventive mode for " bistane e membrane 2 i)

Suspensions: Skim milk Co ‘

industrial applications

v Better performance of filtration with US, with a factor from 2 to 4 on
permeation fluxes.
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6% tspp Effect of US at steady state in Laponite dispersion s with tspp

S~— . & >
' « Disaggregation from the membrane surface
3~
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[Jin et al. J. Membrane Sci. 453, 624-635 (2014)]
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6% tspp

Structural organization during ultrafiltration of L

aponite dispersions
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6% tspp

0% tspp

Structural organization during ultrafiltration of L aponite dispersions
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Structural organization during ultrafiltration of S NC and CNC dispersions

Starch Nanocrystals

Highly heterogeneous
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Understand the mecanisms involved

In ultrafiltration of casein micelles

Why Casein micelles?
» Casein micelles is the main protein contained in milk.

> It plays a key role in milk processing (cheeses, ytslice-creams ...)
and especially in ultrafiltration processes.

Why ultrafiltration process?

» Milk production in European Union is about 43 loili € each year.
» Turnover of 117 Billion € in dairy processing.

> Ultrafiltration process performance is governedhmsy structural
organization of the casein micelles accumulatethermembrane.

In-situ SAXS is a powerful method to elucidate the structuring

mechanisms involved in ultrafiltration processes.




Ultrafiltration Process of Casein Micelles suspensius

Q
80 O O@ O B R » Concentrate species for subseqguent treatments.
35 0% Oo : L _
- » Casein standardization, bacteries removal,
concentrate soluble protein.

Good agreement between experiments and models at macroscopic length scale

» Optimizing ultrafiltration process require a better understanding of thetsre of the

casein micelles in the accumulated layers near the membrane at threepenanomete
length scales.

 Are casein micelles organized and deformed in deposits?
* How casein micelles cocentrate in deposits?
» What is the rheological behavior of deposited lafers

» In-situ local probe by small angle X-ray scattering



Casein Micelles Suspensions

Skimmed milk: agueous suspension of caseins mgelleoluble protein + mineral and organic salts

Casein micelles heterogeneous in size and composition
mean hydrodynamic radius of 100 nm

Casein @, d_,, Bandk) . Colloidal calcium phosphate (CCP)
19 000 a 25 000 g/mol Complexe of phosphate, calcium
citrate and magnesium

e Industrial skimmed milk powder (Promilk 852 B)

with high protein content (84.5 % of native micellar casein

~—~

Dispersed in dimeneralized water
* 0.2 g/l sodium azide, pH =7.2
» C,= Casein micelle content of skimmed milk = 29 gfl.,= 0.028
1<CIG<7
0.028 < Mass fractiop,, < 0.19
0.085 < Wolume fractiorp, < 0.64




Structure of Casein Micelle by SAXS and USAXS

> Exceptionally wide range of scattering vector 3¥10 7 nm!

103 I IIIIIII|

o Promilk 852 B

Micelles length scale

Low g branch
U
Globular micelle
Rg1= 100 nm

Casein length scale

High qregion

» Size, shape
interaction

Lol 1ot

Rg=5nm

I(q) exhibit a plateau
U

; Non globular internal
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