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NASA is currently developing technologies for use in the field of in-situ resource utilization 
(ISRU). One of the technologies being advanced is the Sabatier, or methanation, reactor which 
converts carbon dioxide and hydrogen into methane gas and water at high temperatures. This 
paper discusses the catalyst life and performance issues for these reactors that would be 
expected on Mars and describes the test methods employed and observed results. The various 
catalysts were tested in their capacity for the continuous production of methane gas via the 
Sabatier reaction and the possible effects of launch vibration loads, exposure to liquid water, 
particulate contamination, and chemical contamination to the overall observed reaction 
efficacy of the catalysts evaluated. 

Nomenclature 
ISRU = in-situ resource utilization 
APU = atmospheric processing unit 
CO2 = carbon dioxide 
CO =  carbon monoxide 
H2 =  hydrogen  
H2O = water 
CH4 = methane 
Al2O3 = aluminum oxide  

Ru  = ruthenium 
SLPM = standard liter per minute 
APU = Atmospheric Processing Unit 
KSC = Kennedy Space Center 
Hz =  hertz 
GC = gas chromatogram 
KSC = Kennedy Space Center  
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Figure 5: CH4 production before and after vibration test for a) SNG 8000 catalyst, b) 0.5% Ru catalyst and  
c) 2.0% Ru catalyst 

 

B. Liquid Water Test 
Once all the background data were collected, the reactors were filled with room-temperature deionized water to 

soak the catalyst and left overnight, then dried inside the vacuum oven, and cooled at room temperature. The reactors 
were tested again to evaluate any degradation in performance following extended exposure to liquid water. Data were 
analyzed and plotted comparing catalyst performance before and after liquid water exposure. Figure 6 shows the 
different catalysts before and after liquid water exposure, and Figure 7 illustrates the performance of the catalysts 
before and after water contact. The appearance of the catalyst pellets after water exposure was relativiely dramatic 
with both Ru catalysts lightening significantly to lighter grey indicating the amount of ruthenium mon the surface had 
decreased. Despite this altered appearance, the water treatment did not show a negative effect on the performance of 
the reactors.  The t-test completed for this series of experiments showed a statistical difference between the baseline 
and post-contamination performance for the 2.0% Ru catalyst only. While previous literature has shown that water 
can activate the catalytic sites, it is unlikely this effect was observed in only one of the catalysts tested. We do see, 
however, that the variation among the 2.0% Ru catalyst baseline data is much smaller than the other two catlalysts, 
which could explain why the difference before and after treatment results in a positive t-test for that catalyst alone.   

 
Figure 6: Catalyst pellets before (left) and after (right) liquid water exposure tests for a) SNG 8000 catalyst, 

b) 0.5% Ru catalyst, and c) 2.0% Ru catalyst test. 
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Figure 7: CH4 production before and after liquid water exposure for a) SNG 8000 catalyst, b) 0.5% Ru 

catalyst and c) 2.0% Ru catalyst 
 

C. Particle Contamination Test 
This test differed from the vibration and water tests as the reactors had to be assembled with the catalyst already 

contaminated; therefore, the baseline had to be evaluated differently. The average of all baseline data from previous 
trials was used as a reference to determine the possible impact of particle contamination on catalyst performance. As 
was observed in the previous test scenarios, the catalyst performance was minimally affected by particle 
contamination.   Figure 8 shows a picture of the different catalysts before and after particulate contamination exposure, 
and Figure 9 illustrates the performance of the catalysts before and after particulate exposure. The t-tests showed a 
positive result for both the Ruthenium-based catalysts. A gap in the testing schedule existed between the baseline and 
the contaminated catalyst tests for those two catalysts, which appears to play a role in the trend seen. As with all the 
tests, the reactor temperature control also likely played a significant role in performance varation.  

 
Figure 8: Catalyst pellets before (left) and after (right) particle contamination test for a) SNG 8000 catalyst, 

b) 0.5% Ru catalyst, and c) 2.0% Ru catalyst 
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