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Abstract— Catalytic converter is typical emission reduction equipment installed in automobiles. Due to recent economic 
feasibility of natural gas in transportation, the modification of automobile and truck engines to operate with natural gas has 
gained popularity. The high concentration of methane in exhaust emission from retrofitted natural gas engines has drastically 
created air pollution concern. In this work, the catalyst oxidation reduction of methane was investigated. Palladium (Pd), a 
novel and traditional catalyst material known for its effectiveness in methane reduction is toxicated under the presence of 
hydrogen sulfide (H2S), which is a normal composition found in natural gas. Ruthenium (Ru) has recently been 
recommended as a replacement material for Palladium. This work focuses on the methane reduction effectiveness and 
degradation of Palladium and Ruthenium catalysts under the presence of hydrogen sulfide. The results show hydrogen 
sulfide causes significant degradation of methane reduction for Palladium. Ruthenium seems to tolerate better for methane 
reduction under the effect of hydrogen sulfide toxication.   
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I. INTRODUCTION 
 

Catalytic converters are the main exhaust gas 
treatment system in automobiles and trucks. 
Basically, catalytic converters utilize oxidation 
reduction process to reduce toxic emission such as 
carbon dioxide, hydrocarbon, and mono-nitrogen 
oxide (NOx). In order to stimulate the reaction, novel 
materials such as Platinum, Rhodium and Palladium 
are used as catalyst materials. Due to the recent price 
soaring of oil based fuels, natural gas has become an 
alternative fuel, not only in Industrial sector but also 
in transportation application. More than million car 
users have turned their fuel preference to natural 
gases due to the comparatively low price of natural 
gas than typical oils. 
 

 Methane, the main component of natural gas has 
higher octane number, but lower heating value than 
typical gasoline and diesel. Thus, methane possesses 
high auto-ignition temperature and requires high 
temperature to initiate oxidation reaction. 
Modification of engines for natural gas usage requires 
substantial works such as adjusting the engine 
compression ratio, retuning the ignition timing, and 
redesigning the fuel injection system and air intake 
systems. The exhaust emission from the retrofitted 
natural gas engines is normally enriched with 
Methane and requires suitable catalyst materials to 
stimulate oxidation reduction.  

Palladium has widely been recognized as the most 
active catalyst for oxidation reaction of methane. 
However, there are reports indicating that the 
Methane reduction efficiency of Palladium catalyst 
may degrade when toxicated by Hydrogen Sulfide, 
which is commonly found in natural gas. Palladium is 
also an expensive rare-earth material.  Many 
researchers have turned their attention to Ruthenium 
as replaced materials for Platinum and Palladium due 
to its relatively low price. Ryu el. al. performed an 
experiment on the toxication effect of Hydrogen 
Sulfide on the oxidation reaction of methane with bi-
metal Palladium and Ruthenium catalyst. They 
concluded that with suitable proportional composition 
of Ruthenium in Palladium and Ruthenium bi-
metallic catalyst, the toxication effects of hydrogen 
sulfide can be reduced. In this work, the methane 
reduction behaviors with Palladium, Ruthenium and 
Palladium-Ruthenium bimetallic catalysts were 
extensively and closely observed. The methane 
reduction performances with and without the 
presence of hydrogen sulfide according to the 
operating composition of exhaust gases from 
retrofitted natural gas engines and types of catalyst 
materials were monitored and reported in this work.  

 
If your paper is intended for a conference, please 

contact your conference editor concerning acceptable 
word processor formats for your particular 
conference. 

  



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 2, Issue- 3, March-2014 

Oxidation Reduction Of Methane With Palladium-Ruthenium Bimetallic Catalysts Under Toxication Effects Of Hydrogen Sulfide 
 

52 

II. EXPERIMENTAL 
 
A. Catalyst Preparation 

When The bimetallic catalysts were prepared by 
successive impregnation of Ruthenium (III) Chloride, 
RuCl₃ and Palladium (II) Nitrate Dihydrate, Pd(NO3)2 
•2H2O (prepared by Sigma Aldrich) on Al2O3 alumina 
beads with BET surface area of 350 m²/g (prepared 
by Nicho Qualified Chemical). The suitable amount 
of RuCl₃ and Pd(NO3)2•2H2O were directly 
impregnated onto the arid Alumina support. The 
excess water was removed on the heat plate at 100 °C 
for 6 hours. The loaded Alumina supports were then 
calcined in the air at 600 °C for 3 hours and 
subsequently soaked in aqueous solution of 
Pd(NO3)2•2H2O for 12 hours. The reduction of nitrate 
was then repeated. The Pd-Ru bimetallic catalysts on 
Alumina supports were then obtained after heating at 
500°C for 3 hours and calcination under H₂ 
environment for 3 hours. In this experiment, the 
aqueous solutions of RuCl₃ and Pd(NO3)2•2H2O in 
deionized water were prepared at the 5: 0, 4: 1, 3: 2, 
2: 3, 1: 4 and 0: 5 concentration ratio by weight 
between Palladium and Ruthenium catalysts. 
 
B. Experimental Methodology 

The prepared catalysts were placed in a glass tube 
with inner diameter of 10 mm and test section length 
of 500 mm. The tube was inserted into a circular 
shape heating furnace with controllable temperature 
in the accurate range of ±1°C. During each test, the 
prepared catalysts were placed on top of the quart 
wool in the middle of the test section. As in Fig. 1, 
mass flow controllers (MFC) were used to supply 
methane to the test section at constant fraction of 0.5 
percent by volume in the supplied standard air with 
the overall synthesized gas feeding rate of 50 
scc/min, except during the experiments on toxication 
of hydrogen sulfide (H2S) where the composition of 
the synthesized gas was kept at 10 vol% of H2S, 10 
vol% of O2, 20 vol% of CH4 and 60 vol% of N2.   
 The after treatment gases were analyzed by 
VARIAN 490 Micro Gas Chromatography and mass 
spectrometry. Composition fraction of O₂ and N₂ 
were detected by TCD, while FID is used for 
detection of CO, CO₂ and, of course methane. All 
experimental conditions such furnace temperature, 
supplied gas composition, and gas flow rate were 
monitored and captured by data logging system. 

The methane reduction performance of each 
prepared catalyst was measured in the operating 
temperature range between 200 °C and 400 °C. To 
have reasonable accurate analytical results at each 
experimental condition, gases were left flowing 
though gas chromatography for at least 3 min after 
steady state conditions had been reached, before 
starting measurement.      

 
Figure 1 Diagram of experimental test base 

 
III. METHANE REDUCTION 

PERFORMANCE 
 

In this work, the alumina supported Pd - Ru 
bimetallic catalysts were prepared by impregnation in 
aqueous solutions of RuCl  and Pd(NO3)2•2H2O in 
deionized water with the weight ratio between 
Palladium and Ruthenium of 5: 0, 4: 1, 3: 2, 2: 3, 1: 4 
and 0: 5. The methane reduction performances in 
catalyzed oxidation reaction were measured at 
various temperature operating conditions and 
reported in Figs. 2 – 3. 

 
Figure 2 Methane conversion performances at various 
temperatures of Pd-Ru bimetallic catalysts before H2S 

toxication 
 

In Figure 2, the pure alumina balls have no effects 
on the methane conversion performance as the 
fraction of methane slightly decreases as temperature 
increases. With the presence of Palladium, the 
fraction of methane in the treated gases dropped 
drastically and was lower than 10 percent at the 
temperature above 400 °C. At lower fraction of 
Palladium in bimetallic catalysts, the methane 
conversion performance decreased. However, there 
were no significant differences between the methane 
reduction performances of the alumina supported Ru 
catalysts and alumina supported Pd-Ru bimetallic 
catalysts with the weight ratio between Palladium and 
Ruthenium of lower than 3: 2. 
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Figure 3 Methane conversion performances at various 

temperatures of Pd-Ru bimetallic catalysts after H2S toxication 
 

 
Figure 4 Effect of H2S toxication on methane conversion 

performances at various temperatures of Pd catalyst and Ru 
catalyst  

 
Figure 3 and 4 illustrated the toxication effects of 

hydrogen sulfide (H2S) on the methane conversion 
performances of catalyzed oxidation reaction clearly. 
At around 370 °C, the fraction of methane in the 
treated gases increased from about 20 to 70 percent 
for alumina supported Pd catalysts after hydrogen 
sulfide was introduced to the synthesized gases. The 
presence of hydrogen sulfide seems to have less 
effect on the methane conversion performance of 
alumina supported Ru catalysts, where at around 370 
°C, the fraction of methane in the treated gases was 
only increased from about 70 to 80 percent. The 
experimental results confirm the better persistence of 
alumina supported Ru catalysts to toxication of 
hydrogen sulfide over alumina supported Pd 
catalysts. Therefore, Ruthenium is more suitable for 
catalyzed methane reduction in mixed gases with the 
presence of hydrogen sulfide than the widely used 
Palladium. However, Ruthenium catalyzed methane 
reduction by oxidation reaction still requires 
relatively higher operating temperature than 
Palladium catalyzed methane reduction by oxidation 
reaction. 

IV. DISCUSSION AND CONCLUSION 
 

This experimental work where alumina ball 
were used as catalyst supports confirms the 
toxication effect of hydrogen sulfide on the methane 
conversion performance of Palladium catalysts. The 
fraction of methane in the treated gases that flew 
through the Palladium catalysts increased drastically 
after hydrogen sulfide was introduced to the 
synthesized gases. The Pd-Ru bimetallic catalysts 
have nearly identical methane conversion 
performance as Ruthenium catalyst, especially when 
the weight ratio between the loaded Palladium and 
Ruthenium on bimetallic catalysts is lower than 3: 2.      

 
Even though, the Palladium catalysts has 

higher methane conversion performance and require 
lower operating temperature than the Ru catalysts and 
the Pd-Ru bimetal catalysts, The Ruthenium catalysts 
shows better persistence to hydrogen sulfide than the 
Palladium catalysts. In the applications that the 
presence of hydrogen sulfide is unavoidable such as 
in the usage of natural gas and biogas, Ruthenium 
might be a better choice for methane conversion than 
Palladium. The further researches on suitable support 
material for methane conversion with Ruthenium 
catalysts are highly recommended. 
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