ABSTRACT

Catalysts are materials that facilitate chemical reactions, enabling the transformation of toxic
components into non-toxic forms and playing a crucial role in vehicle fuel cleanup. However, optimizing
industrial (technical) catalysts presents a significant challenge due to their relatively large, multi-
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component structures, comprising active phases, supports, and additives. To comprehensively sc,een.,.gi rem— | =
comprehend the intricate relationships between their complex structure and functionalities, it is | aharacterszdon i
imperative to characterize their internal structure with high resolution and sensitivity. This approach :2,'2:,',¥n9| ﬁu_J'

facilitates the detection of defects or unexpected deposits of harmful materials that may develop within ‘—-J‘E—‘

a catalyst’s structure during operation, thereby shortening its lifespan. To address this challenge, we . -
developed Ptychographic X-ray Computed Tomography (PXCT), an emerging, non-destructive, 3D X-ray ;
microscopy technique that is revolutionizing the characterization of technical catalysts and other = - e
heterogeneous materials. This research project centers on the advancement of knowledge within the — R

field of Physics, with its primary outcomes being applied to the domain of Chemistry.

Technical calalysts: HDS, FCC, hydrocraking
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FCC (Fluid Catalytic Cracking) particles and hydrocracking extrudates ~ Reactor Lifetimeof FCC particles HDS: Hydrodesulfurization catalyst
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High-resolution Imaging of technical catalysts

3 orthogonal view of a pre-shaped HDS catalyst pellet FCC catalyst particles at 3 stages of reactor life
Coronal cut Sagittal cut Axial cut Pristine Middle life End of life
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Spectral decomposition and quantification

Nickel wire — measurements around Ni K-edge
Spectrum extracted from phase images _amp Ii'tud e
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Resonant 3D ptychographic-tomography imaging
Hydrocracking extrudates

Spectrum extracted from amplitude images
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Technical catalysts for oil refinery industry
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Amplitude projection

Absorption spectrum around Ni
K-edge extracted from projection

E = 83346 eV (metal resonance) delta (off-resonance) k delta(metal resonance)

E = 8384 eV (off-resonance)

33 8.34
energy [keV]

Number of projections: 984

Voxel size: 21 nm Anico Kulow et al., Journal of Synchrotron Radiation

Spatial resolution: ~32 nm
Energies measured (keV): 8.337 and 8.384 [ i 31(4), 867-876 (2024) ‘
R. Boudjehem et al., Journal of Synchrotron D KAUST
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The scale-up process in catalysis industry. Adapted from
S. Michell et al., Chem. Soc. Rev. 43, 6094 (2013)

Ptychographic X-ray Computed Tomography

From 2D projections to 3D imaging via tomography
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The 1st French hyperspectral X-ray microscope

The nanoprobe setup

Scanning amplitude (x,y,z): 400 pm x 400 pm x 120 pum
Scan resolution and repeatability: <5 nm
Rotation (step-by-step): from 0 to 360°

mha—="1 The layout of the FAMEPIX beamline
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Aimed resolution: 30 nm

Energy range: 4-12 keV

Acquisition rate: ~12 Hz

Less than 30 s per ptycho projection of FOV ~20 x 20 pm?
Possible beam sizes at sample: 1 um up to 9 pm
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Spectro-ptychography in 2D
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Development of open-source data analysis software

Spectral-
ptychography

Ptychography Tomography
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https://ptycho.github.io/ptypy https://toupy.readthedocs.io  /ProSPyX
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