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xt Micro- and ultrafiltration of skimmed milk are largely used in the dairy
sector for protein fractionation and concentration. The performance of
these operations (permeation flux, selectivity) are ruled by the formation
of concentrated protein layers at membrane surface.

• The objective of this study was to understand the structural organization and behaviour of
concentrated casein micelles accumulated at the membrane surface during cross-flow ultrafiltration.

• We analysed fouling layer development during filtration step under several operating conditions and
redispersion during pressure relaxation step. We focused on the effect of temperature (12, 25 & 42°C).
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In-situ SAXS cross-flow filtration allowed analysis of casein micelles fouling layer with an 
unique resolution of 20 µm.
Quantity of accumulated micelles and gel thickness increase when temperature increases 
due to the lower filtrate viscosity and higher permeation flux.

An important part of fouling can be reduced by simple pressure release.
The fouling by casein micelles is removed via the swelling-redispersion mechanism.
A limited efficiency of pressure release at 12°C can be explained by transformation of 
repulsive gel (swells and redisperses) into attractive gel (swells but doesn’t redisperse).
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Accumulated mass and gel 
thickness for each temperature

rise over time. At 42°C, 
accumulation is faster and 
higher than at 12 or 25°C.

Gel is thicker and more 
concentrated than at 12 or 25°C.

Permeate flux decreases over time for each temperature;
mass accumulation impacts permeate flux (for each temperature 

and so for each filtrate viscosity).
Gel removal is limited at 12°C.
Layer is more cohesive at 12°C 

than at 25 or 42°C.

Relaxation speed is relatively low (similar to accumulation speed).

Pressure relaxation step : Removal of a part of accumulated layerFiltration step: Mass accumulation and gel formation

Removal of 
accumulated micelles 

and gel layer starts
simultaneously with

pressure decrease and 
rises with temperature. 

Fouling removal occurs via gel 
swelling and redispersion of 

external swelled part.
The nature of fouling

(repulsive gel/attractive gel) 
could depend on 

temperature.
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Filtration and redispersion protocol1

Native • casein micelles (native phosphocaseinate) 
powder dispersed in milk ultrafiltrate at   ̴50g/L 
Polyethersulfone• membrane 100kD 

In-situ SAXS cross-flow filtration2

Detector Filtration 
cell

Incident X-
ray beam

Moving cell

A 20 µm vertical resolution near
the membrane has been reached

Side view of filtration 
channel 

3 At each filtration time t, SAXS 
spectra & concentration profile 

4

At the end of filtration step, t = 150 min


