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Methane partial oxidation on Pt based catalysts using an NO/NO- oxygen atom shuttle
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Introduction
Partial oxidation of methane

The availability of natural gas has increased over the last decade due to the discovery of new geological
fields and the development of methods to extract the gas from shale deposits. Natural gas contains 70-90% methane
and is a much cleaner fuel to burn than petroleum or coal, because of its high H/C ratio. However, some of the
natural gas is found in remote locations, and it is costly to transport it. Cryogenic liquefaction is uneconomical
because of the low boiling point of methane (-162 °C) and pipeline transport is expensive because of high
compression and infrastructure costs. The direct conversion of methane to high-density, high-value, liquid
products such as methanol, dimethyl ether, or formaldehyde is a means of solving these problems. This thesis deals
with the selective oxidation of methane to dimethyl ether with supported platinum catalysts using NO/NO; as an
oxygen transfer agent with molecular oxygen as the terminal oxidant. Methane is difficult to activate because of
its symmetrical tetrahedral structure with strong C-H bonds (440 kJ/mol)[1], high ionization potential, low electron
affinity, and low proton affinity (544 kJ/mol). In the present study a catalyst screening was conducted for the direct
partial oxidation of CH, with NO and O as the oxidant with Pt on different supports. It was found that Pt/YY ;03
was the best catalyst for DME synthesis and it was selected for further studies. A contact time study with Pt/Y,0;
showed that the selectivity to DME reached close to 100 % at very low conversions, suggesting that DME was a

primary product. A study of the adsorbed species on the catalyst surface by in situ FTIR analysis on Pt/Y 03 and



Y203 with NO+O; showed the formation of a surface bridging nitrate species which was likely involved in the
methane selective oxidation reaction. The results of the studies allow a picture to be developed of the likely

reaction steps that lead to the transformation of methane to dimethylether..

Partial oxidation of methane

The direct partial oxidation of CH4 on a Pt/Y,0; catalyst was studied using a mixture of NO and O; as the
oxidant. The reactions were carried out in a fixed bed reactor at 0.1 MPa and 275-400 °C using 20 % CH., 1% NO,
and 1% O, in inert gas. The activity results showed the formation of dimethyl ether (DME) and a contact time
study demonstrated that DME was a primary product. The presence of Pt and the NO+O, gas mixture was
necessary for DME formation as without NO only CO. was produced. During the methane partial oxidation
reaction, NO and NO- were not reduced to N, indicating that they worked as a shuttle to transfer oxygen from O,
to CHs. In situ FTIR showed the formation
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Activity test
Reactivity tests were conducted in a packed-bed flow reactor with full gas-chromatographic and infrared

spectroscopic analyses of the reactants and products of reactions. Fig. 2 show the methane conversion and DME
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Fig. 2. (a) Methane conversion and (b) DME selectivity. Conditions: ©Ptained using O alone as the
Pt/YzO?, and Y,0; with NO/02 (CH4:N0202:inert=20:1:1:78) and 0O, oXxidant. Both the Y203 Support and
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the Pt/SiO, catalyst gave only CO;



with either oxidant, showing that the presence of both Pt and Y>O3 were necessary for the formation of DME. A
high DME selectivity of 44 % was obtained on Pt/Y;0s at low methane conversion (0.03 %) and low reaction
temperature (275 °C). The DME selectivity decreased with increase in temperature and gave a low DME selectivity
of 2 % at high methane conversion (1.5 %) and high reaction temperature (400 °C).

In situ FTIR study

Fig. 3 (a) shows a series of spectra of NOy species on Pt/Y,0s taken at increasing temperature to probe the
reactions of surface nitrate species with CHas. After the adsorption of NOyx species on Pt/Y,03 at 100 °C, the
temperature was raised at 10 °C min to 400 °C under a flow of 10% CH, in He (100 ml min), the peak at 1300
cm™®was due to the gas phase CHa4. With increase in temperature, the intensity of nitrate species at 1240 cm™
(bidentate nitrate [2]) gradually increased, but the intensity of nitrate species at 1003 cm did not change until the
temperature reached around 300 °C. Above 300 °C the nitrate species at 1003 cm™ (bridged nitrate [3]) disappeared.
Fig. 3 (b) shows the change in the concentration of adsorbed NOy species at 1003 cm* with increase in temperature.
The spectra at 1003 cm™ were fitted using a Gaussian function to obtain the integrated areas to calculate the NOx
concentration, using a previously reported NOy extinction coefficient € = 19.4 abs/umol [4]. Fig. 3 (b) shows that
up to 250 °C the concentration of the
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Conclusions
The research here dealt with the selective oxidation of methane to dimethyl ether with supported

platinum catalysts using NO/NO- as an oxygen transfer agent with molecular oxygen as the terminal oxidant.



The methane partial oxidation using NO+O; was studied on different Pt supported catalysts. Among these,

Pt/Y ;03 was the most promising catalyst. Activity tests for Pt/Y,Os results showed that DME was formed only in
the presence of Pt and NO+O.. The analysis of NO and O conversion showed that at the beginning of the
reaction almost all the NO converted to NO> and during the CH, partial oxidation NO, was reduced to NO.
During this reaction, NO and NO; were the only nitrogen-containing products observed. So that they were acting
as an oxygen atom shuttle for the partial oxidation of CHa4. An in situ FTIR study showed the formation of
surface nitrate species on Y203 and the presence of Pt in Pt/Y,0; enabled the formation of different nitrate
species. The reaction of these nitrate species with CH, revealed the presence of reactive bridged nitrate species at
1224 cm™ and 1003 cm™
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