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Report:
Membrane separation processes are widely usedlustnal applications (bio-industries, agro-indiesty or
sludge treatment) for concentrating and purifyingnoparticle dispersions. Under the action of
transmembrane pressure and cross-flow velocity, pdmticles accumulate near the membrane and their
concentration can rise above the sol-gel transiteading to a catastrophic loss in permeability.

SAXS Pattern
The focus of this project is to investigate theustnre and  +1s° I,
organization in the polarisation layer during crless
ultrafiltration of anisotropic clay dispersion. Degted SAXS I
cross flow ultrafiltration cells (Fig. 1) have beersed to = ‘
access to than-situ concentration profile as decribed i h N
details in precedent work [1]. -

SAXS cross-flow filtration cell
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Three different aqueous colloidal clays have béedied, to A < gox 2
explore the consequences of changes in size, fodmwatual
particles interaction on their macroscopic filtoati
reversibility properties and structural organization the
concentration polarization layers:

(1) Natural plate-like Na-Wyoming montmorillonit@][ Two size have been explored WyT2 S3 (1 nm in
thickness, 75 nm in lateral averaged size) and W§2'21 nm in thickness, 250 nm in lateral averasieel).

Fig. 1: Picture of the set-up on ID02
Beamline.



(2) Synthetic disk-like Laponite clay (1 nm in tkiess, 30 nm in mean diameter) in the presencbsamae
of an added polyphophate (WaO;) at a concentration C
(3) Natural disk-like beidellite clay dispersiorisiim in thickness, 286 nm in mean diameter) [3].

The reversibility of the concentration polarizatiagers and permeation flux evolutions have besonaated
to the changes in particle size, mutual particleraction and osmotic pressure of the dispersions.

Effect of particle size and osmotic pressure on theoncentration profile and permeation flux:

In figure 2 is presented the evolution of the vodumnaction as a function of the distance z from the
membrane surface, for two different particle sizenontmorillonite dispersions submited to the sameess-
flow filtration conditions (Fig. 2a) and a companisfor Laponite and montmorillonite at differenitrition
conditions (Fig. 2b). The concentration profiles faontmorillonite @, (z) have been obtained from the
scattered intensities in the concentration poléiomalayers, the deduced interparticle distanceotnfthe
kratky plot (Fig 2c) and the already known swelliag's dfp,) [2]. For the Laponite dispersions the volume
fractions were deduced as already detailed in desdenork [1].
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Fig. 2: Structural organization (2D-SAXS pattermsl @oncentration profiles versus distance z), deddmom
in-situ SAXS during cross flow separation proceka)dNa-Wyoming montmorillonite and b) comparisoithy/
Laponite dispersions, c) structure factSi(q) at different distances z, d) osmotic pressward deduce
extended volume fractiomp(,) at the membrane surface.
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The extended volume fractiog,{) at the membrane surface (z = 0 um) has beenatedlirom the osmotic
pressurd1(,) data [2,4] (Fig. 2d) and considering in a firppeoximation, that the osmotic pressure of the
filtered dispersionslin(®m) equilibrate the transmembrane pressife at the membrane surface, as
discussed in ref [1]. The results show that thter@d dispersions with the biggest sized partiQlégT2 S2)
build a more concentrated and thicker polarizalayer than the smaller sized one (WyT2 S3), in éaoce
with a lower permeation flux J. For the same filom conditions (Q = 0.1 L/min aniP = 1.2x18 Pa), the
system having a lower osmotic pressure (Laponit@)dba higher concentrated polarization layer in
accordance with a lower permeation flux. This resulvell in accordance with the osmotic pressuceiet,

for which the permeation flux is proportional teeteffective pressure differena@ef f = (AP—AIlm) = AP-
(Min(@m)-Mpermeat).

The 2D-SAXS patterns exhibit an increase in anigntrwhen approaching the membrane surface (Fig. 2a
and 2b), indicating an orientation of the plateslparticules with their normal aligned along theedlion of
applied pressure. The angular orientation of th&XSAattern flip regularly at increasing distancenirthe
membrane surface denoting a change in the orientangle of the particles in the polarization layer

Effect of shear and transmembrane pressure on thdrsictural organization of Laponite dispersions:
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Fig. 3: Structural organization deduced framsitu SAXS during cross flow separation process of Laeon
dispersions, a) and b) comparison of the strudactr for different conditions, ¢) S(q) for diffart position
z in a concentrated polarization layer, d) struefactor §l(q) and deduced interparticle distance d2.




From the scattered intensities of particles ingbkrization layers, the concentration profiles asdociated
structure factor [S(q)] can be deduced for the méteodispersions under cross-flow ultrafiltratidrig. 3). In

order to evaluate the effect of shear and/or pressni S(q), different conditions were comparedtifier same
volume fraction in particles: firstly in a capillafor the dispersion at rest, secondly under ascflosv (Q =

0.4 L/min) without any applied transmembrane pressthirdly in a concentration polarization layerder

simultaneous cross-flow and transmembrane pre¢Qure0.1 L/min and\P = 1.2x10 Pa).

For the dispersions at rest, at q values below 105xmi?, there is a stong depression of S(q). This
depression originates from inter-particle repulsitimat eliminate fluctuations particles concentratin the
range extended fromy @o . This means that the dispersion appears homogsre@u scales extended from
d2 (distance between neighboring particles) togide(of elementary heterogeneities: aggregates)or®
equivalent volume fractio, = 1%, this depression is almost suppressed umg@epredominant effect of
shear (Fig. 3b). This can be attributed to a bia@kn of the initial aggregated particles by theaststrength
which provides a more homogeneous dispersion aethength scales. On contrary, under cross-flow
ultrafiltration, the structure factor in the cont@tion polarization layers (Fig. 3b and 3c) exhi#ideeper
depression at low g than the S(q) of the disperatorest. Therefore, the combined effect of shieav ind
transmembrane pressure allows forming smaller gades (d1]) with a more homogeneous dispersion and
reduced inter-particle distances (¢i2between the neighboring particles than the dsperat rest (fig. 3c
and 3d). At increasing volume fraction in the pdation layers (Fig. 3c), the extent in q rangetlod
depression is reduced which correpond to an incrgdmmogeneous dispersion of smaller sized agtgega
In conclusion the cross-flow ultrafiltration prosebas the effect to change the initial heteroges@men
structure to a more homogeneous closed structtgah@ation of denser and smaller aggregates tit|ea.
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