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This study shows the activity of V2O5-WO3/TiO2 SCR catalyst deactivated in a side steam to a waste 

incinerator plant. Activity data were determined in the laboratory after exposure from about 400 h to about 2300 

h. The compositions of the catalyst samples as well as the collected fly ash were determined by SEM-EDX and 

AAS. The surface areas and pore size distributions were also measured. The activity, presented as first order rate 

constant, was measured on 6 cm long monoliths cut from the stones used in the exposure. Parts were taken from 

the inlet and the outlet of the 20 cm long monolith. The activity was measured from 260 to 400 C at 20 degrees’ 

interval. The inlet concentrations of NO and NH3 were 600 and 700 ppm and the concentration of O2 was 2 %. 

The concentrations were measured by MS in a He background gas at 1.25 atm pressure [1].  

 

  

Figure 1. Accumulation of alkali metals as a function 

of time on stream. 

Figure 2. First order rate constant for the reduction of NO 

as a function of the time on stream. 

 

There is a strong increase in the amount of Na and K accumulated in the catalyst with time of use. Both 

components strongly deactivate the V-OH Brönsted acid catalyst on the vanadia. We have estimated that at 0.99 

wt. % Na+K the activity should be 0. This would happen after 4730 h of use. 

There is also an obvious increase in the rate after some time on stream. The maximum is different at different 

reaction temperatures, around 700 h for 340 C and 900 h for 380 C reaction temperature. At longer times the rate 

falls off. There seems to be a levelling off of the rate constant at times longer than 1400 h. The activity of this 

poisoned catalyst being 82 % of the fresh one at 340 C and 70 % at 380 C. This increased activity with time on 

stream could be explained by formation of new acidic sites on the TiO2 support as has been reported before [2]. 

The activity changes of the catalyst over time can be explained by a model with two different populations of 

sites, probably adsorption sites for ammonia, on the catalyst surface. Both sites support the same SCR reaction.  
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Where S are active sites, D deactivated sites and N proto-sites that can be activated. 

The first type of site (S1) is present on the freshly prepared catalyst and the second type (S2) is formed by 

sulphating of the catalyst by SO2 in the flue gas. The first type of sites starts to deactivate directly from start while 
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the second type begins to form at the starting point. While this second population is growing, the rate of 

deactivation increases and the amount of formed sites passes through a maximum. Since the rate constant should 

be proportional to the number of sites on the catalyst surface, the observed rate constant is proportional to the sum 

of those two processes. 

 

 

 

Figure 3. Fitting of experimental data to the 

deactivation activation model at 400 C.  

 

In Figure 3 the result of fitting the model to the experimental data is shown. The blue line represent the 

population of the original sites on the catalyst while the black line shows the formation-destruction of the second 

type of sites. The resulting activity is shown by the red line. According to the model, the original activity of the 

catalyst decreases fast but is meet by the formation of the second type of sites. After 500 h on stream, the 

activity of the newly formed population of sites dominates the catalysts activity. This means that the sulphating 

of the V2O5-WO3/TiO2 catalyst is an important process to counteract deactivation in environment with high 

concentration of catalyst poisons, like flue gases from waste and biomass combustion.    

 
Table 1. Elemental composition by SEM-EDAX (atom %) of catalyst used for 1908 h. 

Element Surface 1 Surface2 Bulk 1 Bulk 2 

Al 2.0 1.3 1.0 1.3 

Si 5.6 4.2 4.8 4.4 

W Not detected 2.4 3.1 3.4 

Ti 39.5 63.2 86.8 86.5 

V 0.3 1.2 1.5 1.6 

S 24.5 12.8 2.4 2.3 

Cl 1.0 0.3 Not detected Not detected 

Ca 7.4 2.4 0.5 0.5 

Zn 4.6 4.3 Not detected Not detected 

Pb 15.1 7.9 Not detected Not detected 

 

The analysis by SEM-EDAX shows the composition of the fresh catalyst in the samples analysed from the 

bulk. Two samples of the surface was also analysed and showed largely varying composition. The two samples 

were obviously covered by various amounts of fly ash. Sample 1 was the most heavily covered one. EDAX is not 

suitable for the analysis of alkali metals so they are not present. Large amounts of Pb and also Zn are shown 

probably in the form of chlorides since they are not present inside the catalyst. 
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