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Introduction
Elementary soil is made of clays, silica and organic matter. Soil porous multi-scale

structure depends on every component characteristic [1]. Deposited films* are produced
by different deposit methods [2] (passive evaporation, spin coating) from suspensions of
clay nano-platelets (200-330 nm in lateral size, 1 nm in thickness, permanent negative
surface charge) and spherical nano-particles (30 and 300 nm). By varying relative sizes of
the two components, spheres surface charge and number ratio of platelets-spheres
different forms of nanoparticles arrangement can be expected:

Understanding elementary soil multi-scale structure in relation with molecular and/or
colloidal transport has potential interest in soil remediation. Developing a multi-scale
structure characterization methodology on this model system* initiate a first step into
real soil comprehension. Multi-scale transport of water constitutes the next stage.
Suspensions properties are well characterize [3,4]. Only few experiments have been
made on clay platelets films without added nanospheres [5].

Characterization methods
Combining several imaging/scattering techniques based on electron and synchrotron

radiation allow structural characterization over a large spatial scale.
Comparison between imaging and SAXS data is made in the reciprocal space by

working on obtained scattering curves. This permit to know if representative elementary
volume (REV) of the sample can be reached by using this different characterization
techniques.

Imaging TEM/TXM observations

SAXS observations 

Reciprocal space comparaison

Attractive interaction

Model system :  
Beidellite clay platelets (330 nm or 200 nm) + 𝑺𝒊𝑶𝟐 spheres (30 or 300 nm), repulsive

interaction.

Figure 1 : TEM Spin coated sample, thickness ≈100 nm. 0°
projection image. Beidellite 330 nm + 30 nm silica spheres, 1
platelet for 10 spheres (nominal ratio)

Figure 2 : Soft X-rays TXM 3D model reconstruction:
bulk of 200 nm beidellite platelets + 300 nm silica
spheres. thickness > 100 nm. Voxel size : 11 nm
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Figure 3 : Construction of linear combination from
experimental curves. Linear combination (green
curve), sample of only platelets (red curve) and sample
of platelets-spheres (blue curve).

Figure 4 : Linear combination compared to
experimental curve of mix platelets-spheres.
Matching confirm demixtion in this sample.
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Possible demixtion in the deposit is
to be confirmed by linear
combination  (Fig.3). 
If linear combination matches with
experimental curve of mix in 
horizontal sector there is demixing
(Fig.4). If not a supplementary term
is necessary in eq.1 for platelets-
spheres interactions.

Experimental curves
Linear combination

Model system :  
330 nm Beidellite clay platelets + 𝑺𝒊𝑶𝟐 spheres

of 300 nm, repulsive interaction

Model system :  
330 nm Beidellite clay platelets + 𝑺𝒊𝑶𝟐 spheres

of 300 nm, repulsive interaction

Figure 5 : Imaging and scattering comparison. Spin coated samples with similar thickness : (a) 0°
projection image. (b) Intensity in reciprocal space, (red curve) SAXS experiment, (blue curve) TEM
experiment.

Beidellite 330 nm + 30 nm 
silica spheres, 1 platelet for 
10 spheres (nominal ratio), 

repulsive interaction

Model system : Beidellite clay platelets (330 nm or 200 nm) + 𝑺𝒊𝑶𝟐 300 
nm spheres coated by 𝑨𝒍𝟐𝑶𝟑 , attractive interaction.

Characterize by Hard X-rays TXM and SAXS :  
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𝑆𝑖𝑂2 300 nm coated by 𝐴𝑙2𝑂3 TXM volume reconstrution

System : 200 nm beidellite + 𝑺𝒊𝑶𝟐 300 nm coated by 𝑨𝒍𝟐𝑶𝟑
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ODF : Orientation function distribution

Nematic order parameter : 
𝑆 = 0, isotropic organization

𝑆 = 1, perfectly aligned particles

SAXS experiment
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Figure 6 : Normalized orientation function
distribution for 200 nm beidellite +
𝑆𝑖𝑂2 300 nm coated by 𝐴𝑙2𝑂3, 𝑺 = 𝟎. 𝟒𝟎𝟒.

֍ Demixing or partial demixing in imaging TEM/TXM and scattering SAXS : using negatively charge
silica spheres.
֍ Attractive interaction between platelets-spheres using positively charge 𝑺𝒊𝑶𝟐 300 nm coated by
𝑨𝒍𝟐𝑶𝟑 in order to observe inclusion and/or coating : work in progress, use also spheres with neutral
charge surface.
֍ Linear combination (SAXS), reciprocal space comparison, nematic order parameter are tools that
permit to compare imaging and scattering and know how clay platelets orientation is affected by
spheres : ratio in the deposit, diameter and surface charge.

Comparison between TEM and SAXS experiment in the reciprocal space
for spin coated sample with similar thickness (Fig. 5 a). This permit to see if
small areas observed on TEM sample are representative of SAXS
experiment with average on larger areas.


