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Energy Materials Under Fluctuating Conditions
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Energy Materials Under Fluctuating Conditions
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Energy Materials Under Fluctuating Conditions

Phase change
Modulation Excitation (ME) experiments

Deactivation
Sintering
support > IR spectroscopy !
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Methanation reaction on Ni@y-Al,O; model system

In situ methanation process of Ni@AI,O, catalyst

Two different samples:
* 10% Ni on y-Al,Oq

« Reference industrial catalyst (Ni on y—Al,O,)
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X-Ray energy : 76,69 keV (A = 0.16167 A)
t/h Beamline 115-1 Diamond Light Source, UK
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Methanation Reaction on Ni@y-Al,O, Catalysts
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Methanation Reaction on Ni@y-Al,O, Catalysts
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Phase Resolved ME-PDF
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Phase Resolved ME-PDF
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Phase Resolved ME-PDF

> No oxidation of Ni observed
» y—AlL,O; signals in the PSD transformed

data - involvement of the support in the

process

COZ + Nisurface - CO + Niosurface (2]

» NiO formed during H, dropout;

» Methanation condition recover the

surface by reducing the NiO
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Comparison between ME-PDF and d-PDF

Differential PDF approach (d-PDF):
» Subtraction of the support signal from the total PDF ) d-PDF

» More common procedure in catalysis : ﬂ PSD-ME-PDE
» Emphasize the active phase signal

Reference catalyst:

» d-PDF for t = 1.5 h (methanation conditions)
after subtraction of the bare y-Al,O; support
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Comparison between ME-PDF and d-PDF
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d-PDF:

» Poor fit

» High noise

» Residual of Al,O5 contributions

» Underestimation of NP size

ME-PDF (PSD):

» Good fit

» Low noise

» No Al,O4 contributions
> Reliable NP diameter
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Conclusions

» For the first time PSD method was successfully applied to PDF data
» ME-PDF detects subtle structural changes:
» Dynamic y-Al,O4 restructuring

» Ni oxidation in industrial catalyst
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