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Introduction  
The catalytic reduction of NOx emission from lean burn or diesel engine exhaust has been a 
critical issue. Considering the diesel exhaust temperature ranges from 100 oC to 400oC and a 
significant portion of NOx emissions can be generated at 250~350oC, most of up-to-date 
tested catalysts were eventually disqualified as DeNOx catalyst [1,2]. Some researchers 
suggested “plasma-catalyst” strategy as the alternative of “catalyst only.” The combination of 
plasma-catalyst for lean DeNOx has been examined using γ-alumina [3]. The plasma 
converts NO to NO2 but doesn’t convert SO2 to SO3 which is the leading component to 
poison the catalyst [4]. NO2 and partially oxidized HC produced by plasma react with each 
other effectively on γ-alumina and widen the active temperature window but still did not 
cover low temperatures below 350oC. In our previous study [5,6], plasma-Ag/Al2O3 showed 
an improved DeNOx activity in the temperature range of 250~450oC, where the catalyst was 
inactive in the case of being used alone. But the reduction activity (N2 yield) decreased to 
near zero at the temperature below 250oC. So we have tried to find other materials to achieve 
plasma-catalyst activity at this low temperature range.  
The gold catalysts have been applied to lean DeNOx catalysis in Ueda’s work previously [7]. 
In this report, Au/Al2O3 was especially effective in producing N2 but regretfully, it does not 
solve the aforesaid temperature problems. The catalyst needed high temperature of 
350~500oC to become efficient in NO conversion into N2. The authors pointed out that the 
NO conversion into NO2 is rate-determining and such high temperature was necessary to 
accelerate this step. The same research group tried to assist SCR activity of Au/Al2O3 by 
mechanically mixing with Mn2O3 which is active for NO oxidation to NO2 and showed high 
N2 yield of 70 % at 350oC [8]. This report did not show reduction activity below 250oC as 
well, but we could anticipate for better low-temperature DeNOx performance by combining 
this catalyst with plasma activation, which could provide sufficient NO2 and more active 
reductants of partially oxidized and organo-nitro hydrocarbons. In this study, we tried to 
apply nano-size Au supported on alumina to plasma-catalyst lean DeNOx system.  
 
Experimental 
Au/Al2O3 catalysts were prepared by deposition-precipitation method. The nano-size 
distribution of metallic gold on the alumina support was examined by TEM, XRD and XPS. 
The DeNOx activity of plasma-Au/Al2O3 system was observed using a plasma-catalyst series 
reactor as follows. A simulated diesel exhaust gas stream containing 1610ppm NO, 10% O2, 
3200ppm C3H6 (C1/N = 6) with helium balance was flowed into the reactor at a rate of 1 
L/min. The catalysts of 4.6 mL were packed to adjust space velocity at 13,000/h. The 
temperature of plasma reactor was fixed at 100oC and the catalyst activity was tested within 
the ranges over 100~400oC with decreasing manner to avoid adsorption effect on the 
catalysis. The plasma reactor was a dielectric barrier discharge (DBD) type and plasma 
energy density was 39 J/L. 
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Results and Discussion 
The NOx removal performance of Au/Al2O3 catalysts was successfully improved by being 
assisted by plasma. For total NOx conversion and N2 yield, even 0.2 wt% Au loaded 
Au/Al2O3 showed better plasma-catalyst performance than alumina. From this, it can be 
confirmed that Au is quite efficient to activate NOx on its surface. The NOx reduction into N2 
at low temperatures below 250oC was achieved by using catalysts in which Au amount over 
1.0 wt% was included. In particular, the catalysts of more than 2.0 Au wt% showed N2 yield 
over 10~20% at even lower temperatures of 100~200oC, which has never been reported yet. 
For this lower temperature activity, 2.0 wt% Au/Al2O3 showed the highest activity as shown 
in Fig. 1. The low temperature DeNOx activity of plasma-Au/Al2O3 was noteworthy and it 
can be emphasized that the activity was brought by nano-size distribution of active Au metal. 
The relatively high value of total NOx conversion of 40% at temperatures of 100~200oC 
could be caused by the high adsorption capacity (especially for NO2) of metallic gold 
supported on alumina. The bare alumina also exhibited some adsorption but did not reach the 
case of Au/Al2O3. The XRD analysis showed that Au metal on catalysts consisted of (111) 
crystal phase in the largest portion, which has been recognized as the most active crystal 
phase of gold metal for NOx adsorption [9]. 

Even though alumina captures oxygenated 
hydrocarbons so effectively, alumina alone was 
supposed not to produce N2 as much as 
Au/Al2O3 owing to the lack of available NOx 
on the surface. The NOx species on the Au 
surface would supply this shortage if their 
supplying rate to hydrocarbons anchored on 
alumina was fast enough. Taking account that 
NOx species can meet adsorbed hydrocarbons 
on the interface between Au and alumina, the 
formation of nano-sized Au particles resulted 
in the increase of Au-alumina interface and                                     
consequently, the migration speed of NOx 
could be promoted. This is supposed to be the 
main cause of catalytic activity of Au/Al2O3 in 
the respect of structure. 
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Fig. 1. The Effect of Au Amount on the 
DeNOx Activity of Plasma-Au/Al2O3. 


