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A B S T R A C T   

Methane steam reforming (MSR) is an assuring reaction using steam to produce H2 as clean energy over a nicκel- 
based catalyst. We synthesized mesoporous monometallic NiMgAl2O4 and bimetallic NiCoMgAl2O4 catalysts in a 
two-step combustion method using a mix of fuels and powder metallurgy. BET-BJH, XRD, TGA, TPR, FESEM, and 
EDX-mapping characterized surface area, porosity, morphology, crystalline structure, and metal-support inter-
action behavior. The products exhibited strong interaction of well-structured MgAl2O4 spinel with NiO , in both 
specimens. The MSR evaluation tests at 750 ◦C under atmospheric pressure, CH4:H2O feed ratio of 1:1.2 showed 
the bimetallic catalyst has the highest conversion of 99.30% with low carbon deposition(0.09% weight loss), 
after 15 h. Both catalysts demonstrated a miniature nickel particle sintering. TG analysis revealed 0.0059 and 
0.0035 mg lamentous carbon deposited on 3.4820 mg NiMgAl2O4 and 3.4820 mg NiCoMgAl2O4, respectively. 
Also, no XRD diffraction peaks related to the lamentous carbon were observed. Moreover the carbon balance 
showed the higher recovery of carbon (close to 1) for Co-promoted catalyst. Highly dispersed active Ni species 
might be responsible for high catalyst activity and resistant to coking in the MSR reaction.   

1. Introduction 

Methane(CH4) reforming is one of the processes that can be used for 
hydrogen or syngas production on a large scale which has the charac-
teristic of low cost and high hydrogen production rate [1]. Methane 
reforming decompiles by the different oxidizing agents (steam, oxygen, 
and carbon dioxide) in which the use of steam(Eq.(1)) as the oxidizing 
agent maximizes the H2

CO to 3 [2,3]. 
CH4 +H2O→3H2 +CO ΔH◦

298k = + 206 KJmol−1 (1) 
Secondary water gas shift always(Water Gas Shift Reaction (WGS), 

Eq.(2)) accompanies the methane steam reforming(MSR) in which the 
co-product CO from MSR could further react with steam to result in one 
extra H2 and CO2 as the nal products. 

CO+H2O→CO2 +H2ΔH◦

298k = − 41 KJmol−1 (2) 
MSR is a very energy-intensive process carried out at high- 

temperature (750–1000 ◦C) with a pressure range of 3 25 bar, over 
nickel supported on alumina as a catalyst, metallic nickel being the 
active phase. Today, the design and production of catalysts with 
different supports have received much attention to be utilized for MSR 
reactions at low temperatures and performing active sites for methane 
adsorption. [1]. 

During the MSR reaction the endothermic methane dissociation re-
action takes place at high temperatures (T > 750 ◦C) Eq.(3), and the 
exothermic Boudouard reaction proceeds at low temperatures 
(300–450 ◦C) Eq.(4). Hence, the carbon deposition on the catalyst’s 
surface occurs at 300–1000 ◦C in the methane reforming process 
[2,3,4,5].It has become the most important factor in the deactivation of 

Abbreviations: Am, Area of the Nickel Atom (10.9249 nm2); β, The Peak Width at Half of the Maximum Intensity; CB, Crbon Blance; D, The Metal Distribution (%); 
d, The Mean Crystallite Size(nm); ΔH, Reaction Heat (KJ * mol−1); DRM, Dry Reforming of Methane; ε, The lattice strain (%); Fi,in, The Initial Flow Rate of 
Component i (ml * min−1); Fi,out, The Final Flow Rate of Component i (ml * min−1); FV, Valence of Fuels Element (Reducing Valence); κ, The Shape Factor (0.91); λ, X- 
ray Wavelength (1.5406A); m, Stoichiometric Hydrogen Coe cient in Metal Hydrate; MSR, Methane Steam Reforming; v, Metal Valence; OV, Valence of a Metal 
Nitrate (Oxidizing Valences); ϕ, Fuel to Oxidizer Ratio; RPM, Revolutions Per Minute; SD, Standard Deviation; TCD, Thermal Conductivity Detector; θ, The Peaks 
Position (degrees); vi, The Volume Fraction of Substance i Measured in the Reaction Outlet Gas (%); Vi, Volume Fraction of each Gas Component; Vm, The atomic 
volume of nickel (0.0109 nm3); WGS, Water Gas Shift Reaction; WHSV, Weight hourly space velocity (ml.h−1(gcat)−1); wt.%, Weight Percent; X, Conversion (%); Y 
H2, H2-Yield (%. 
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