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Selection of 1 wt.%  promoter loading S1

Promoters have a significant impact on the interaction between the active metal and the 

support material, which improves the performance of catalysts. By altering the catalyst's 

surface characteristics, promoters can enhance the stability, selectivity, and activity of the 

catalyst in catalytic processes. A 1% loading of a promoter in catalysts is a well-founded 

choice that combines real-world knowledge with ideas from literature verification 1,2,3. 
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This strategic decision is especially important when dealing with noble metals, which are 

valued for their rare qualities and high cost. The performance of the catalyst can be greatly 

increased by adding a small amount of promoter, such as noble metals like rhodium, 

platinum, and palladium. Furthermore, improved dispersion and control over the catalytic 

effects on the catalyst surface are made possible by the exact addition of a small percentage 

of promoter material, guaranteeing excellent performance free from needless 

complications. All things considered, the decision to load a promoter at 1% is a well-

rounded strategy that draws on both real-world knowledge and academic research to 

produce a catalyst design that is both efficient and profitable.

Catalyst Characterization S2

The study involved analyzing promoted Ni-based catalysts through various techniques. X-

ray diffraction (XRD) patterns were obtained using a Miniflex Rigaku diffractometer, 

utilizing Cu-K X-ray radiation with an operating voltage of 40 kV and a current of 40 mA. 

Nitrogen sorption isotherms were determined at -196 °C using a Micromeritics Tristar II 

3020 surface area and porosity analyzer after outgassing the samples at 250 °C for 3 hours 

to eliminate any adsorbed gases or vapors. The pore size distributions of the samples were 

assessed based on the adsorption profiles of isotherms, employing the Barrett–Joyner–

Halenda (BJH) model. Hydrogen temperature-programmed reduction (H2-TPR) was 

conducted on the freshly synthesized catalysts. This analysis covered a temperature range 

of 50–800 °C and utilized a mixture of 10% H2/Ar with a flow rate of 40 mL/min in the 

TPR analysis. The formation of coke and the amount of carbon deposits on the catalyst 

surfaces were quantified using a thermogravimetric analyzer (Shimadzu-TGA). The 



samples were heated up to 1000 °C while ramping up the temperature at 10 °C/min, and 

weight losses were recorded. To assess the extent of graphitization of the carbon deposits 

on the used catalysts, laser Raman spectroscopy with an NMR-4500 instrument was 

employed. This measurement utilized a 5x magnification objective lens and a beam 

excitation wavelength of 532 nm, with spectra recorded within the 1350–1600 cm-1 range. 

To determine how much carbon had been deposited on the catalyst sample that was being 

used, a thermogravimetric analysis was performed at the end of the reaction. A Shimadzu 

TGA thermogravimetric/differential analyzer was used for the analysis. Ten milligrams of 

the samples were heated at a rate of twenty degrees Celsius per minute from room 

temperature to 1000 degrees Celsius, and the weight change was noted as the temperature 

increased4.

                                Figure S1 SEM of the fresh NiRh/SiAl catalyst



           Figure S2 Composition of NiRh/SiAl catalyst as per EDX analysis

Table S1 is provided showing the various % average conversion of the investigated 

catalysts in this work operated at 700C.

% ConversionaCatalyst Sample
CH4 CO2

NiIr/SiAl 38.8 44.3
NiPd/SiAl 39.2 43.7
NiPt/SiAl 43.2 50.6
NiRh/SiAl 65.2 71.5
NiRu/SiAl 46.3 57.5

Table S2 Compares the findings of this study with those previously published for Ni-based 

catalyst systems promoted by noble and non-noble metals.

Catalyst CA
(mg)

F Cg RT
(C)

TOS
(h.)

C(CH4)
%

Ref.

5Ni1Cu/Al 100 3:3 1 700 7 80 [1]



5 Ni-Na/MCM-41 60 1:1 1 700 4 40 [5]
5Ni1Zn/Al 100 3:3 1 700 7 79 [1]
5Ni1Gd/Al 100 3:3 1 700 7 76 [1]

10Ni1Mn/ ZrO2 30 1:1 6 650 3.5 20 [6]
1Ni1Mn/Al2O3 10 1:1 2 650 3.5 38 [3]

1Ni1Mn/Al2O3 10 1:1 2 650 6 34 [3]
1Ni1Fe/ Al2O3 10 1:1 2 650 12 30 [3]
Ce-NiCu/EXVTM-SiO2 120 1.3:1.3 1 750 2.5 50 [7]

100 1:1 0.5 700 7.5 65 This 
work

NiRh/SiAl 100 1:1 0.5 800 7.5 87 This 
work
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