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1. Homogeneous reactions 

The homogeneous reactions contribution both upstream (in the oven) and downstream (in the 

heating tape) has been evaluated by performing blank tests. Experiments was realized into the annular 

reactor (no Raman spectra have been recorded) on a clean alumina tube support, without catalyst. The 

operating conditions has been carefully selected, to reproduce experiments to assess the amount of 

homogeneous reactions. Temperature over the catalyst zone has been set at 700 °C and pressure has been 

kept atmospheric. The mixture was fed to assessed the catalytic partial oxidation (CPO) contribution of 

the homogeneous reaction in the experimental set-up. CPO has been chosen because conversions of CH4 

in heterogeneous CPO are resulted higher than in dry reforming (DR) in the same operating conditions. 

Methane was kept at CH4 = 4.5 % (O2 / CH4 = 0.5, N2 to balance) and the effect of three different flow 

rates was evaluated (66, 120 and 186 Ncc/min). In Fig. S1, it is possible to appreciate that the conversion 

of CH4 decreases increasing the flow rate. 

The experimental conditions described in the results and discussion section are related to feed 

flow rate around 180 Ncc/min. The homogeneous reactions could be considered negligible because the 

CH4 conversion is 3.5% and no syngas (H2 and CO) is formed. 
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Figure S1. Conversion of CH4 in blank test (without catalyst) in the annular reactor respect to the feed flow rate. Feeding 

parameters are: CH4 = 4.6 %, CO2 / CH4 = 0.5, N2 to balance. Temperature has been set at 700 °C. Standard deviation, 

calculated from experimental outcomes, is reported for each test. 

 

2. Black body radiation 

As shown in Fig. S2, 488 nm laser wavelength allows to measure Raman spectra at high temperature 

(800°C), for which the very strong black-body radiation background in the NIR/red range hinders the 

detection of the Raman signal. 

 

 

Figure S2. Black body radiation for different temperatures. The spectral radiance of a body (B) for wavelength λ at absolute 

temperature T is plotted based on Planck’s law: 𝐵(𝜆, 𝑇) = (2ℎ𝑐2/𝜆5)(1/(𝑒
ℎ𝑐

𝜆𝑘𝑇 − 1)) where h the Planck constant, k the 

Boltzmann constant, c the speed of light. The positions of the 488nm (blue) and 785nm (red) laser wavelengths are also 

reported. 

 



3. Focusing proof 

The focusing proof is provided by comparing thee spectrum of the blank alumina tube recorded 

outside the reactor, i.e. ex-situ, with the one recorded inside the reactor, i.e. in-situ (Fig. S3a). If a 

complete match of both Raman peak wavenumbers and relative intensities is achieved, the focusing 

is complete. The image of the laser spot on the alumina tube in the in-situ condition can also be taken 

as an additional indication (Fig. S3b): the correct alignment results in a well-defined, neat circular 

spot, with no blurry contours. 

 
Figure S3. a) Representative Raman spectra of the alumina tube: outside the reactor (red) and inside the reactor (black), b) 

Image of the laser spot on the alumina tube in the in-situ condition. 

 

4. CH4 CPO experiments 

In order to check whether the system worked properly also as annular reactor, standard CH4 CPO 

tests were carried out without recording Raman spectra. The standard CH4 CPO test were performed 

with diluted feed streams (CH4 = 4.53%, O2/CH4 = 0.52, N2 to balance) at increasing the temperature 

50°C stepwise from 300 to 800°C. A GHSV of 4×105 Nl/Kgcat/h was adopted. The molar fractions 

of reactants (CH4 and O2) and products (CO, CO2, H2 and H2O) at the exit of the reactor are reported 

in Fig. S4 as a function of the catalyst temperature. The reaction started at 300°C and by increasing 

the temperature, the conversion of CH4 and O2 increased. Below 400°C, CO2 and H2O were the only 

detectable products. At temperature higher than 400°C, the conversion of O2 was complete, a 

decrease of the CO2 and H2O molar fractions was observed and syngas production began. The 

production of syngas increased steadily with temperature until reaching a stable composition, in line 

with thermodynamic equilibrium predictions. At 800°C, CH4 conversion reached 92%.  



Panels c and d of Fig. S4 show the axial temperature profiles measured between 300 and 400°C (i.e. 

up to complete O2 conversion) and between 450°C and 800°C, respectively. In the first situation (T 

≤ 400°C), the total oxidation of CH4 was active along the whole catalyst layer, with no simultaneous 

reforming: the temperature gradients tended to arise as O2 was progressively consumed. The most 

demanding condition was met at complete O2 conversion and no syngas production, that is, at 400°C: 

in this case, the results show that the 10°C/cm constraint was respected. Upon further increasing the 

temperature (T ≥ 450°C), once O2 was fully converted, the endothermic reforming reactions 

progressively activated along the catalyst layer, with consumption of H2O and CO2 and syngas 

formation. The endothermic heat input required by reforming grew with CH4 conversion, moderating 

the gradients due to the exothermic CH4 oxidation, which were never larger than 8°C/cm. Fig. S4d 

clearly shows that the temperature peak decreased up to an almost flat profile (±2°C) at 700°C. 

 
Figure S4. Results of the CH4 CPO test at different temperature. GHSV = 4×105 Nl/Kgcat/h; Experimental results 

(symbols), equilibrium (dashed line). Feed composition: CH4 = 4.53%, O2/CH4 = 0.52, N2 to balance; atmospheric pressure. 

Panels: a) CH4 and O2 conversion; b) H2, H2O, CO and CO2 molar fraction. Axial temperature profiles along the catalyst 

layer: c) T ≤ 400°C; d) T ≥ 450 °C. 



5. XRD analysis of the α-Al2O3 

 

Figure S5. XRD analysis of the α-Alumina which is used as support material. 

 

6. BET analysis of the α-Al2O3 







 



























 

7. Hg Porosimetry results of α-Al2O3 

















 


