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1. Introduction  

Natural gas is an interesting engine fuel for ships in coastal zones, where high sulfur marine fuels cannot be 

used. However, unburnt methane poses another severe emission problem. A catalytic CH4 oxidation unit, which 

can fully convert the unburnt CH4 to CO2 and H2O under the real exhausts gas condition, is needed to solve the 

problem. Among the catalysts studied for CH4 oxidation, Pd based catalysts are the most active in the absence of 

H2O and SO2[1], while they suffer from deactivation caused by H2O and more detrimentally, SO2. Pt was studied 

as a promoter for the Pd based catalyst to enhance the H2O and SO2 resistance, but the activity of Pd-Pt/Al2O3 

catalyst still declines in the presence of 10 vol.% H2O and 2.5 ppm SO2 (from 55 % to 0% at 400 °C and from 

100 % to 20 % at 450 °C after running for 25 h) [2]. A catalyst that remains sufficiently active under real exhaust 

gas conditions (350-550 °C, 5-10 vol.% H2O and 1-2 ppm SO2) is still being sought.  

In this contribution, a comparison between a commercial (Rh-Al-Cr) catalyst from Haldor Topsøe and a home 

made Rh based catalyst in the absence and presence of SO2 is presented. The influence of operating temperature 

is studied for the home made Rh catalyst. 

2. Experimental  
A fixed-bed quartz reactor was used to study the activity in the presence of H2O and SO2 resistance of the cata-

lysts at 450 °C and 500 °C. In each experiment, 0.24 g or 0.12 g catalyst was used and diluted with 0.96 g or 

1.08 g sand (catalyst + sand = 1.2 g). The total gas flowrate was 300 Nml/min which gave a gas hourly space-

velocity (GHSV) of 75,000 or 150,000 ml/(gcath). The feed gas contained 2500 ppm CH4, 10 vol.% O2, 5 vol.% 

H2O, and 20 ppm SO2, balanced by N2. A higher SO2 concentration than used in practice was adopt to accelerate 

the deactivation process and save experimental time. The exit gas was measured by an online IR gas analyzer 

and a Micro GC. The online gas analyzer was used to measure the concentration of O2 and CO2. The concentra-

tion of CH4 was measured by a Micro GC for the calculation of CH4 conversion. 

3. Results and discussion 
As shown in Figure 1, the conversion of CH4 over the commercial Rh-Al-Cr catalyst starts at 55 % and then 

declines after the addition of 20 ppm SO2, while it stays above 22 % after 240 h on stream. The conversion can 

be restored to 45 % after removing SO2 from the reaction stream. The home made 1 wt.% Rh catalyst was more 

active than the commercial catalyst in the presence of 5 vol.% H2O, as shown in Figure 2. The 1 wt.% Rh cata-

lyst could fully catalyze CH4 oxidation to final products (CO2 and H2O) at 550 °C while 750 °C was still not 

enough for the commercial catalyst to reach 100 % conversion. The SO2 resistance of the home made 1 wt.% Rh 

catalyst was further tested at 450 and 500 °C for 14 h. As shown in Figure 3, the conversion of CH4 decreases 

with time on stream, while the conversions finally stabilized at 15% and 50% after running for 14 h at 450 °C 

and 500 °C, respectively. 

   
Figure 1.  Conversion of CH4 in time on 

stream with 20 pm SO2 present and after 

removal of SO2 at 450 °C. 5 vol.% H2O is 

always present. GHSV=75,000 ml/(gcath) 

Figure 2.  Comparison between com-

mercial Rh-Al-Cr catalyst and 1 wt.% 

Rh catalyst in the presence of 5 vol.% 

H2O. GHSV=150,000 ml/(gcath) 

Figure 3.  Conversion of CH4 in 

time on stream with 5 vol.% H2O 

and 20 ppm SO2 present at 450 and 

500 °C. GHSV=150,000 ml/(gcath) 

4. Conclusions 
Commercial Rh-Al-Cr shows stable activity for CH4 oxidation in the presence of both H2O and SO2, indicating 

that Rh can be a promising active metal for the desired catalyst that can be used in the real engine exhaust condi-

tion to mitigate CH4 emission from natural gas fired engines. The home made 1 wt.% Rh catalyst shows higher 

activity than the commercial catalyst in the SO2-free stream and stable activity in the presence of 20 ppm SO2 

after running for 14 h. 
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