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XRD patterns

The XRD patterns of the catalysts after extended tests are shown in figure S1, and compared 

with the reduced one, which after passivation treatment performed in a mixture of 2%Air in 

N2, show a small peak of NiO at 2θ =37.3°. The latter peak is instead not observed in all the spent 

catalysts. Table S1 show the average crystallite size evaluated by Scherrer’s law, that are in 

line with those one obtained by TEM. A shift in the peak attributed to the metallic Ni (51.8°) 

was not observed and the values for both catalysts were similar, which means even after 

reduction no Ni-Fe alloy formation was observed.  The latter is more evident in the XRD 

pattern performed in a 2Ꝋ range 47-56°.

Figure S1. XRD patterns for the catalysts after extended catalytic tests at different GHSVs 

compared with those of the reduced catalyst (Passivated)

Table S1. Average crystallite size calculated by Scherrer’s equation 

Average crystallite size [nm]
Catalyst Reduced 

500°C/H2 
flow 

Used 
5k h-1

Used 
10k h-1 

Used 
20 k h-1 



Ni/AlOx 5.8 6.1 5.1 6.2

Ni-Fe/AlOx 5.6 5.5 6.1 6.0

TEM 

TEM micrographs of used catalysts at 5k h-1 are reported in Figure S2. Dispersed Ni round-

shaped nanoparticles can be observed after reaction, excluding any sintering effect. Similar 

results are obtained also for all the spent catalysts and are not reported here for conciseness.  

Figure S2. TEM images of catalysts after extended catalytic tests at 5K h-1 a) Ni/AlOx b) Ni-
Fe /AlOx

Raman spectrum of spent catalyst 

Raman spectroscopy was also used to deeply investigate the nature and type of carbon 

deposited on the spent catalysts.  For conciseness only Ni-Fe/AlOx is reported in figure S3, 

the same trend was observed for the Ni/AlOx catalyst
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Figure S3. Raman spectrum of Ni-Fe/AlOx catalyst after extended tests at 5k h-1 

XPS analysis 

Figure S4.  Comparison of the O1s region XPS spectra obtained for the samples after the 

long-term reaction for the Ni-Fe/AlOx catalyst at GHSV of 5k h-1, 10k h-1 and 20k h-1.



Testing

Figure S5. Catalytic performance of Ni-Fe/AlOx catalyst at 300oC and 5 bar and GHSV of 5k h-

1, by using 30 mg of catalyst.


