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ABSTRACT 

Methane oxidative coupling experiments were conducted in a packed-bed reactor using 

LdMgO catalyst. The results were in agreement with those reported in the literature. Oxygen 

permeability through an oxygen-conductive dense membrane was measured. The oxygen 

permeability was about 20% of the reported values and increased with the sweep flow rate of helium 

in the tube side. Blank runs under methane coupling conditions were carried out with no catalyst 

packed in the dense membrane tube. Nearly 100% CO, selectivity was observed, suggesting that the 

membrane material is a facile total oxidation catalyst. After the experiment the membrane tube was 

analyzed by scanning electron microscopy. 
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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. In addition, membrane reactors 

control the concentration of gas phase oxygen, thus reducing non-selective gas phase reactions, 

which are believed to be a main route to the formation of COX (CO and CQ) products. Such gas 

phase reactions are a cause for decreased selectivity in oxidative coupling of methane in 

conventional flow reactors. 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 : 12125195-3124196 

1. Catalvtic Emeriment in a Packed-bed Reactor with La/MgO Catalvst 

Research work in this period has been focused on methane coupling using a oxygen- 

conducting membrane reactor. Before running the catalytic membrane reactor, the oxygen permeance 

through the membrane was measured. Also, a catalytic experiment with a conventional packed-bed 

reactor and a blank run in the membrane reactor without catalyst were conducted as a basis for 

comparison to the catalytic membrane reactor. 

During this period we conducted an experiment with L a g 0  in a co-feed packed bed reactor 

as a basis for comparison to the dense membrane reactor. Figure 1 shows the methane conversion, 

C, selectivity, and C, yield at different initial methane to oxygen ratios. These data were evaluated 

at a temperature of 790 OC, total pressure of 1 atm, oxygen flowrate of 1.6 cc/min and helium (as 

dilution gas) flowrate of 65 cc/min with 1.5 g L a g 0  prepared as stated in the monthly report for 

the period of 9/25/95-12/24/95. As shown in Figure 1, as the methane to oxygen ratio increased from 

1.8 to 1 1.4, the C, selectivity increased fkom 33.7% to 5 1 .O%, while the methane conversion and C, 

yield dropped from 42.3% to 8.4% and from 14.2% to 4.3% respectively. The experimental results 

obtained are in agreement with those reported in the literature [l]. 

2. Oxyen Permeance throuFh the Dense Membrane Tube 

The membrane reactor using an oxygen-permeable dense membrane for methane oxidative 

coupling was built. A quartz tube which serves as the shell side was combined with the oxygen 

conducting perovskite dense membrane tube to form a shell-and-tube type reactor for use in our 

studies on methane coupling. The use of a dense membrane, which is non-permeable to any species 
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except oxygen, will eliminate the loss of hydrocarbons from the reaction side to the oxygen-feed 

side. The two ends of the oxygen-permeable dense membrane tube provided by Argonne National 

Laboratory were successfully joined to quartz tubes by Pyrex glass seals. 

The permeance of oxygen through the dense membrane tube was measured with air fed in 

the shell side of the reactor module and helium in the membrane tube. Figure 2 shows the oxygen 

permeability at 950 "C and 1 atm. The helium flow rate was kept at 45 cc/min except in the period 

from a to b (Figure 2), during which the helium flow rate was increased from 45 cc/min to 95, 180, 

and finally 245 cc/min. After that, the helium flow rate was reduced to the original value (45 

cc/min). It can be seen fi-om the results shown in Figure 2 that the permeability reached a stable level 

within a relatively short period of time on stream compared to that reported by Balachandran et al. 

(1995). Also, the highest oxygen permeance observed was only 20 % of the reported value of 0.3 

cc/min/cm* (Balachandran et al., 1995). This may have been caused by the relatively low flow rates 

of air in the shell side and the low flow rate of sweep gas in the tube side. Figure 3 shows the oxygen 

permeance as a function of helium sweep flow rate in the tube side at 950 "C and 1 atm. The oxygen 

permeance increases with increasing helium sweep flow rate. 

3. Catalvtic activity of the dense membrane material 

In order to test the catalytic activity of the dense membrane material itself under the methane 

coupling condition, experiments were conducted in a dense membrane reactor with no catalyst 

packed in the tube side. Methane was fed to the tube side with helium and air to the shell side of the 

reactor. Table 1 shows the experimental results of the dense membrane reactor without catalyst at 

950 "C and 1 atm. The fact that the membrane material is a total oxidation catalyst was shown by 

the fact that carbon dioxide was the major product. However, a small amount of ethylene (rather than 

ethane) was observed in the product, probably due to the higher temperature, which favors the 

formation of ethylene rather than ethane. When reactions take place in the membrane tube, the partial 

pressure of oxygen is much lower (thus the oxygen partial pressure difference across the membrane 
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~~ 

temperature 

pressure 

Table 1 Experimental results of a blank run with a membrane reactor 

~ 

950 "C 

1 atm 

membrane tube geometry 1 L=9.3 cm, OF=6.5 mm, ID=4.5 mm 

~ ~ 

methane flow rate (tube side) 

helium flow rate (tube side) 

~ ~ _ _ _ _ _ _ _ ~ ~  ~ 

3.8 cc/min 

45 cc/min 

10.5 cc/min air flow rate (shell side) I 

oxygen conversion (overall) 

oxygen conversion (tube side) 

carbon dioxide selectivity 

93.8 % 

100 % 

80.2 Yo 

31.8 9'0 I methane conversion 

ethylene selectivity I 19.8 % 

oxygen permeance I 0.157 cc/min/cm2 

is much higher) than that under non-reaction conditions. Therefore, the oxygen permeance shown 

in the above table was found to be about 4 times higher than that observed in the oxygen permeance 

measurement (Figure 2). This permeance was still less than the reported values during reaction 

(about 3 cc/min/cm2) and may have resulted fiom the limited oxygen supply in the shell side, where 

93 % of the oxygen was converted. This suggests that in future experiments, the oxygen flow rate 

across the membrane can be controlled by the flow rate as well as the oxygen partial pressure in the 

shell side. 

Figure 4 shows the methane conversion as a function of the initial feed ratio of methane to 

oxygen in the dense membrane reactor without catalyst at 850 "C and 1 atm. Again, no detectable 

C, hydrocarbons and oxygen were observed during this runs, and all the methane consumed was 

converted to carbon dioxide. Nearly 100% selectivity to carbon dioxide was observed because the 

membrane material is a total oxidation catalyst. 
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After the experiment the membrane tube was examined by SEM (scanning electron 

microscopy). Figure 5 shows the entire cross section of the wall of membrane tube. With higher 

magnification, SEM images in the region close to the inner surface, middle of the wall thickness, and 

the region close to the outer surface are shown in Figures 6% 6b, and 6c respectively. It can be seen 

from these figures that the particle size gradually decreases from the outer surface, which is exposed 

to an oxidative atmosphere, to the inner surface, which is exposed to a reducing atmosphere. So, the 

particles of the membrane were broken down to smaller sizes under reducing atmosphere. 

FUTURE WORK 

In order to test the efficacy of the dense membranes for improving hydrocarbon selectivity 

in methane coupling, two configurations for contacting the reactants with the catalyst are proposed 

to be studied in these reactors. In the first configuration, the methane coupling catalyst is pelletized 

and packed on the tube side of the shell-and-tube type membrane reactor, with the dense membrane 

serving as the tube of the reactor. Oxygen permeates through the membrane and reacts with the 

methane feed in the presence of the catalyst on the tube side. The second configuration has the 

methane coupling catalyst coated on the inner walls of the dense membrane tube. The packed 

catalyst bed configuration allows comparisons of the dense membrane reactor with our earlier studies 

on packed catalyst beds in porous Vycor membrane reactors. The coated catalyst tube configuration 

will allow intimate contact of the membrane with the catalyst and thus might result in higher 

hydrocarbon selectivity for methane coupling. 
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Figure 1 Methane Oxidative Coupling in Packed- 
bed Reactor with LaMeO as a Catalyst 
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