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mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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ABSTRACT 

The Mn-W-NdSiO2 catalyst was studied by running the methane coupling 

reactions at different methane to oxygen ratios, temperatures and dilution gas flow rates. 

For methane to oxygen ratios less than 3, the C2 yield was almost the same; and C2 yield 

began to decrease as the methane to oxygen ratio was further increased. The optimal 

temperature observed was around 8OO0C, where the C2 yield reached a maximum value. 

Increasing the dilution gas (helium) flow rate resulted in higher CZ selectivity; however, 

after a certain dilution gas flow rate the C2 yield began to decrease due to a decrease in 

methane conversion as a result of the reduced contact time. The stability study of the 

catalyst showed that, after five successive run cycles, the C2 yield obtained decreased 

from 24% to 19% at 78OoC, and methane, oxygen and helium flow rates of 12.2, 4.1, and 

44.3 mdmin ,  respectively. XRD analysis showed that, after the reaction, the XRD peaks 

of the cristabolite and NaZW04 phases in the catalyst became smaller than those in the 

fresh catalyst, and that at least one new, unidentified phase was observed. 

Mn-W-NdSi02 catalyst was used as the methane oxidative coupling catalyst in a 

porous membrane reactor and its performance was compared with a packed reactor 

operated at similar conditions. Although the membrane reactor showed lower methane 

coiversion at the same reaction conditions, it gave higher C2 selectivity and C2 yield at 

similar methane conversions. 
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PROJECT OBJECTIVE 

The goal of this research is to improve the hydrocarbon yield from oxidative 

coupling of methane by using a catalytic inorganic membrane reactor. A specific target is 

to achieve conversion of methane to C2 hydrocarbons at very high selectivity and 

relatively higher yields than in a fixed bed reactors by controlling the oxygen supply 

through the membrane. A membrane reactor has the advantage of precisely controlling 

the rate of delivery of oxygen to the catalyst. This property permits balancing the rate of 

oxidation and reduction of the catalyst. Membrane reactors could also produce higher 

product yields by providing better distribution of the reactant gases over the catalyst than 

the conventional plug flow reactors. 
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QUARTERLY REPORT 

Report for the Period : 12125196-3124197 

1. Effect of methane to oxygen ratio on the performance of the Mn-W-NalSiOt 

catalyst 

The Mn-W-Na/SiOz catalyst was studied by running the methane coupling 

reactions at different methane to oxygen ratios. Figure 1 shows the performances of the 

catalyst in a packed-bed reactor (catalyst loading: 1.95 gram) at different methane to 

oxygen ratios under 780°C with oxygen and helium flow rate of 4.1 and 44.3 ml/min 

respectively. The higher methane to oxygen ratio always gave higher C2 selectivity but 

lower methane conversion. For methane to oxygen ratios less than 3, the product of these 

two quantities (which is equal to the C2 yield) was almost the same. A further increase in 

methane to oxygen ratio resulted in a decrease of CZ yield due to the faster decrease of 

methane conversion, compared to the increase in C2 selectivity. 

2. Effect of temperature on the 1 

The effect of temperature was studied at oxygen and helium flow rates of 4.1 and 

44 3 ml/min respectively in a packed-bed reactor. Figure 2 gives the experimental results 

obiained at a methane flow rate of 12.2 ml/min, while Figure 3 gives the results at 9.1 

ml/min. Although the methane to oxygen ratio was different in the two cases, the optimal 

temperature observed in both cases was in the range of 80O-83O0C, where the CZ yield 

reached a maximum value. The ratio of ethylene to ethane increased with temperature. At 

temperatures higher than 83OoC, the C2 selectivity began to decrease, while the COX 

selectivity began to increase, probably due to the non-selective gas phase reactions. 
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3. Effect of dilution gas on the performance of the Mn-W-Na/SiOz catalyst 

The effect of dilution is shown in Figure 4. The results were obtained at 78OoC 

and oxygen and methane flow rates of 4.1 and 12.2 ml/min respectively in a packed-bed 

reactor. The CZ selectivity increased with helium flow rate over the entire range of helium 

flow rate (10-240 ml/min), in spite of the fact that some unreacted oxygen was observed 

in the runs at the two highest helium flow rates. The highest C2 yield was achieved at a 

helium flow rate of 40 ml/min and started to drop as the helium flow rate was further 

increased, due to the reduced contact time which led to a decrease in CH4 conversion. 

4. Stability of the Mn-W-Na/SiOz catalvst 

The stability of the catalyst was measured by running the methane coupling 

reactions in five successive cycles. Each run cycle was started by heating the reactor from 

room temperature to the reaction temperature in 2 hours, followed by operating the 

reactor for ten hours before it was cooled back to room temperature. Methane coupling 

reactions were conducted in a non-porous alumina, packed-bed reactor. 1.95 gram 

catalyst was packed in the annular space between the alumina tube and a quartz 

thermowell (ID=1 mm; OD=3 mm) placed concentrically in the alumina tube (ID=7 mm). 

The height of the packed-bed was about 14 cm. Figure 5 shows the methane conversions, 

C2 selectivities and yields as functions of number of run cycles. At the flow rates of 

mcthane, oxygen and helium of 12.2, 4.1 and 44.3 cc/min, respectively, and at a 

temperature of 78OoC, both C2 selectivity and yield decreased with the number of run 

cycles, whereas the methane conversion remained relatively unchanged. 

5. XRD studies of the Mn-W-Na/SiOz catalvst before and after the reaction 

To obtain an understanding of what caused the decrease in the catalyst activity, 
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the catalyst before and after the reaction was analyzed by XRD and FT-IR. Figures 6 and 

7 are the XRD spectra of the catalyst before and after the reaction. As shown in these 

figures, the peaks of both cristabolite and Na2W04 phases relative to those of tridymite in 

the used catalyst, were smaller than those in the fresh catalyst. In addition, at least one 

new, un-identified phase was observed in the catalyst after the reaction. The FT-IR 

spectra of the catalyst before (Figure 8) and after (Figure 9) reaction also indicated that 

the cristabolite peak at 620 cm-' and the Na2W04 peak at 792 cm-' were smaller after the 

reaction. 

catalyst 

A porous gamma alumina membrane reactor was constructed. The reactor tube 

was prepared by treating a 14.2 cm long 40 Angstrom gamma-alumina tube with 

La(N03)3 aqueous solution and calcining at 90OoC. Then each end of the membrane tube 

was welded to a 18 cm long non-porous alumina tube with a high temperature glaze. Mn- 

W-NdSi02 catalyst was packed in the annular space between the gamma-alumina 

membrane and the thermowell placed concentrically inside the reactor tube. The curing 

process of the glaze was started at room temperature overnight, followed by treating at 

60, 90, and 120°C for 2-3 hours at each stage. Then the membrane tube was installed into 

the membrane reactor setup. 2.1 gram Mn-W-NdSiOz catalyst was packed in the annular 

sp ice between the gamma-alumina membrane (I.D.=7 mm) and the thermowell (I.D.=3 

mm) placed concentrically inside the reactor tube. The height of the packed-bed was 

about 14 cm. 

Methane coupling experiments were conducted in a porous gamma alumina 

membrane reactor. Methane was fed to the tube side and a mixture of oxygen and helium 

was fed to the shell side. In order to reduce the amount of hydrocarbon loss from the tube 

to the shell side, the outlet of the shell side was blocked. For comparison purposes, the 
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membrane reactor was also operated in the co-feed mode by feeding the mixture of 

methane and oxygen to the tube side and helium to the shell side with the shell side outlet 

blocked. 

Figure 10 and Figure 11 show the C2 selectivities and yields as functions of 

methane conversion. For both the membrane and co-feed reactors, the helium flow rates 

were changed over a range of 21-63 cc/min, while the temperature, methane flow rate, 

and oxygen flow rate were kept the same. It is obvious that the membrane reactor gave 

lower methane conversions than the co-feed reactor. This is due to the difference in the 

feeding mode between the two types of reactors. The separated feed of methane and 

oxygen from the tube and shell sides in the membrane reactor resulted in lower reaction 

rate (and thus lower methane conversion). If the trends for the two reactors are compared 

at similar methane conversions (Le. around 45%), the membrane reactor has higher C2 

selectivity and yield than the co-feed reactor. 

It can be seen from Figure 11 that, for the same methane conversion level, an 

increase of about 5% in CZ yield would be expected by replacing a co-feed reactor with a 

membrane reactor. These experimental data clearly demonstrated the beneficial effect of 

distributed feed of oxygen along the reactor length for the methane oxidative coupling 

reactions. 

Both plots of C2 selectivity versus methane conversion and C2 yield versus 

methane conversion in Figure 10 and Figure 11 have positive slope, which is contrary to 

th(. general results reported in the literature, where the C2 selectivity - conversion plot 

always has a negative slope (or, higher conversion corresponds to lower selectivity). As 

mentioned above, the helium flow rate is the only variable in these plots. Increasing 

helium flow rate reduced the residence time, which in turn reduced the extent of C2 

oxidation and increased C2 selectivity (see Figure 12). Since the oxygen conversions are 

100% in these runs and less oxygen is consumed to produce C2 hydrocarbons than COX 

(CO and C02), the higher helium flow rates resulted in higher methane conversions and 
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Cz selectivities in both reactor configurations. 

FUTURE WORK 

The porous gamma alumina membrane reactor will be further tested at different 

reaction conditions. A new catalyst (Li-MdTiOz) is being synthesized and its 

performance will be tested with both co-feed and membrane reactors. 

The membrane tube obtained from Eltron Research Inc. will be used to study the 

methane coupling in a dense membrane reactor. 
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