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Abstract: A combinatorial approach was applied to explore active binary catalysts for oxidative coupling of
methane (OCM) to value-added hydrocarbons (C,,,. A screening of 25 selected single components on SiO, for
OCM reaction identified the top-14 single active components as follows: La > Ce > Ga > Al > Ca > Cr > Ba >
Na,WO, > Mn > Cu > Ti > Zn > Rb > Ni. Binary catalyst screening was then performed and resulted in a
combination of Na,WO, and Mn producing the most active binary catalyst. X-ray powder diffraction measurement
of the Na,WO,-Mn/SiO, catalyst revealed that the presence of alpha-cristobalite phase was essential for the
activation of methane. Moreover, the X-ray photoelectron spectroscopy spectrum of the Na,WO,-Mn/SiO, catalyst
showed that the binding energy of W4f and Mn 2p shifted toward a lower binding energy, thereby enhancing the
catalytic activity. Optimization of C,, production of the catalyst by varying Na,WO,:Mn weight ratios, total metal
loadings, catalyst weights, and feeding gas compositions, achieved maximum C,, yield of 23.54% with 60.5%
selectivity and 39.67% methane conversion. Furthermore, the activity of the Na,WO,-Mn/SiO, catalyst was
monitored with time-on-steam for 50 h, revealing good catalyst stability. For the study of the effects of metal
oxide additives into the Na,WQO,/SiO, catalyst on the performance of the OCM reaction, first, Na,WO,-TiO,/SiO,
catalyst, along with the single catalysts of its components (Na,WO,/SiO, and TiO,/SiO,), was investigated. We
found that 5 wt% Na,WO,+ 5 wt% TiO, on the SiO, support was a superior catalyst for OCM reaction compared
to the single catalysts. The maximum C,, formation of the Na,WO,-TiO,/SiO, catalyst was found under test
conditions of a N,/(4CH,:10,) feed gas ratio of 1:1, a reactor temperature of 700 °C, and gas hourly space
velocity of 9,500 h™ ', exhibiting 71.7% C,, selectivity, 6.8% CH, conversion, and 4.9% C,, yield. Moreover, the
activity of the catalyst had good stability over 24 h of on-stream testing. The characterizations of the Na,WO,-
TiO,/SiO, catalyst using various advanced instruments revealed that a crystalline structure of alpha-cristobalite
of SiO, was present along with TiO, crystals, substantially enhancing the activity of the catalyst for OCM reaction
to C,,. Second, several metal oxide additives—including oxides of Co, Mn, Cu, Fe, Ce, Zn, La, Ni, Zr, Cr, and
V—uwere investigated with the Na,WO,-Ti/SiO, catalyst. All of the catalysts were prepared using co-impregnation
and the catalyst activity test was performed in a fixed-bed reactor at a reaction temperature range of 600-800
°C and atmospheric pressure. The physicochemical properties of the prepared catalysts relating to their catalytic
activity were discussed by using advance instrument. Na,WQO,-Ti/SiO, added Mn was found to be the most active

catalyst, involving shifts of binding energies of W 4f and Ti 2p toward lower binding energies. Moreover, a variety



of operating conditions—including reactant- to-nitrogen gas ratio, catalyst mass, reaction temperature, and total
feed flow rate—were intensively examined for the OCM reaction using the Na,WO,-Ti-Mn/SiO, catalyst. The
maximum C,, yield was subsequently discovered at 22.09% with 62.3% C,, selectivity and 35.43% CH,
conversion. Additionally, the stability of the Na,WO,-Ti-Mn/SiO, catalyst was also monitored with time on stream

for 24 h and it was found that the activity of the catalyst sligltly decreased over time.
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