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Abstract.  At present, Selective Catalytic Reduction (SCR) flue gas denitrification process has been 
widely used in coal power plants in China. Catalyst is the core of  SCR denitrification system. 
Because of the influence of the fly ash, erosion and chemical poisoning, the catalyst activity can be 
reduced gradually, and the performance of the denitrification will be also reduced gradually. So it is 
significant to predict the safety and performance of the system. However, due to the limitation of 
laboratory test conditions, the test results can not completely reflect the actual situation of 
denitrification reactor, so this paper proposes the data of  field performance tests of denitrification 
system to be modified, namely while laboratory test data of the catalyst used to control the degressive 
rate of the catalyst activity, the field test data of the denitrification system used to control the actual 
denitrification performance of the reactor. Meanwhile, this paper introduces the practice of the 
catalyst performance prediction fora 1000MW unit, which would provide a scientific basis for the 
management of SCR flue gas denitrification system. 

1. Introduction 

Nitrogen oxide (NOx),a major air pollutant,has serious effect on the earth’s ecological 
environment and living being safety,and the coal-fired power stations has become the priority of the 
NOx emissions[1]. At present,Selective Catalytic Reduction (SCR),as a a main technical method for 
reducing the NOx emissions from coal-fired flue gas,has many advantages such as well selectivity, 
strong stability and high denitrification efficiency,which is widely used in coal-fired power 
plant.However, for the flue gas denitrification device,many scholars' research found that the catalytic 
activity of SCR was significantly decreased with the increase of the operating time,and similarly the 
denitrification performance decreased with the running time[2-6].So why?Probably the main reason 
is that the catalyst is affected by the fly ash, erosion and chemical poisoning[7].Therefore, the catalyst 
needs to be added periodically or replaced regularly to ensure the normal and efficient operation of 
the denitrification system and meet the requirements of the state on the nitrogen oxide emission in 
coal-fired power plants.So it is very significant for the performance evaluation and life prediction of 
the denitrification catalyst in coal-fired power plants, as well as the comprehensive understanding for 
the operating conditions of the catalyst and making the plan for  catalyst management in coal-fired 
power plants. 

The general approach to formulate a reasonable increase or replacement of the catalyst is to sample 
and make the unit sample from each layer of the SCR reactor,then test the denitrification efficiency 
and the activity K on the flue gas device in the laboratory [8-9], which to manage catalyst 
lifetime .However,because of the limitations of the laboratory test conditions, the test results could 
not reflect completely the actual situation of the denitrification reactor , which leads to the large error 
of the prediction for the catalyst performance.Consequently,this paper proposes the data of field 
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performance tests on the denitrification system ,which to be modified. Namely, while laboratory test 
data of the catalyst used to control the degressive rate of the catalyst activity, the field test data of the 
denitrification system used to control the actual denitrification performance of the reactor. 
Meanwhile, this paper introduces the practice of the catalyst performance prediction for a 1000MW 
unit. 

2. A prediction method for the catalyst performance and its limitation 

2.1  A prediction method for the catalyst performance. 
     The catalyst ,as the core of SCR denitrification system, is the most principal factor affecting the 
overall denitrification performance of the system.The catalyst performance was characterized by the 
activity coefficient K,which was obtained by measuring the denitrification rate of the catalyst 
samples under the test condition in the lab. 
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     Among them,K as the catalyst activity,m/h;η as the denitrification efficiency,%;AV as catalyst 
area velocity,m/h;QF as test on gas flow,m3/h;Vsy as the volume of catalyst sample,m3;Asy as the 
surface area of catalyst sample,m2/m3; 

At present,there are mainly two kinds of measurement device for catalyst activity in industry that 
pilot experimental device and small scale device, of which the difference is mainly reflected in a 
selection of sample size and setting test conditions.Taking the detection of honeycomb catalyst as an 
example,the pilot experimental device directly selects the catalyst unit as the sample,of which the size 
of the actual length is 150mm * 150mm .Therefore, it can be realized by using the actual parameters 
of the flue gas that including Including the area of speed, temperature, flue gas composition, ammonia 
ratio and its like as the test condition,which would be obtained that the absolute value of the rate and 
the activity of the catalyst in theory.However,the small scale device,cutting the catalyst unit into test 
blocks as the sample,which the length is about 200-400mm,the about 50mm*50mm of cross section 
and at least including 4 holes in themselves, is a device for measuring denitrification performance. As 
the sample size is limited,the setting area speed will be higher than the actual value of the denitration 
device design.So,the catalyst denitration rate and activity K that obtained can become the relative 
values that based on the same test conditions,which can evaluate the relative levels of the catalyst 
activity in different samples.As the small scale device has the advantage of high testing 
precision ,VGB[10] in Germany has given the test deviation data of the two kinds of devices in 
catalyst testing standard.In addition, the average value of activity in the pilot experimental device is 
39.2m/h and the standard deviation is 3.7m/h,while in the small scale device that the average activity 
is 41.2m/h,and the standard deviation test is 2.4m/h. 

The catalyst’s potential P ,represents the denitrification capacity for the denitrification reactor,is 
the result that the obtained catalyst activity multiplied by the surface area of the catalyst. There is one 
of the most significant work for catalyst management that grasp the potential of the reactor by testing 
the catalyst activity and determine whether the catalyst meets the requirements of environmental 
protection.Fig. 1 as the example of tracking on the catalyst performance for a fossil fired power plant. 
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Among them,P as the catalyst’s potential,m³/h;n as catalyst layer;Kn as catalytic activity of the n 
layer; Fn as catalyst surface area of the n layer,m². 
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Fig.1 Tracking of the catalytic potential of denitrification reactor 

2.2  Limitations of forecasting methods.  
As the mentioned above, the core of catalyst performance prediction is the catalyst activity  testing, 

but the absolute value of the catalyst activity could not be obtained from the small scale 
device.Although may be got from the pilot experimental device,still could not fully reflect the 
denitrification reactor performance,which the reason is: 

(1) The site situation on the dust and wear of catalyst could not reflected. 
The test unit should be required that in the surface cleaning, no plug and complete 

situation.However, there will be more or less dust , wear and so on for the catalyst in site situation, 
which lead to the deviation of the actual activity and the test activity.Besides,for the different units of 
denitrification reactor ,there will be with a large deviation and very difficult to be quantitatively 
evaluated in the case of dust,which may lead to be difficult to be  accurately modified.  
       (2) An uneven distribution in flow field could not reflected. 

Laboratory tests are only aimed at a single sample, which can not simulate the situation of flow 
field.At present,however,the flow field of a large number of denitrification reactors in China is not 
satisfactory, and the relative standard deviation of flue gas flow rate over 20% is common,In other 
words,there is no match between the test flow velocity in the laboratory and the actual situation so 
that  the active data in the laboratory can not reflect the actual situation. 

(3)  The situation of the NH3/NO mole ratio with an uneven distribution in the field could not 
reflected. 

Simultaneously,laboratory tests are only aimed at a single sample,which could control accurately 
the NH3/NO ratio of the test.But due to the uneven distribution in flow field and the uneven ammonia 
injection on site,or even by optimizing and adjusting the denitrification and ammonia injection 
system ,the NH3/NO mole ratio exceeds commonly the range from -5% to 5% ,which can also lead to 
the deviation of laboratory data. 

3. Improvement and practice of  the catalyst performance prediction method  
Due to the limitation of the catalyst performance prediction in the laboratory , the method adopted 

that performance testing of the denitrification system on the site should be modified.The reason is 
that:for a stable operation of the denitrification device, the flow field, ash, ammonia, and other 
conditions are basically stable, and through the measurement of the denitrification rate in the 
field ,which can calculate the actual activity and potential of the reactor.Then by comparing and 
correcting the activity data from laboratory,which can not only obtain the absolute value of catalyst 
activity in small scale device ,but also solve the problem of the limitations to not reflect the flow field, 
dust, ammonia and other practical conditions in pilot experimental device.In other words,laboratory 
test data of the catalyst will be used to receive the catalyst activity of the reduction velocity , while the 
field test data of the denitrification system used to control the actual denitrification performance of 
the reactor.The following introduction-the practice of the catalyst performance prediction fora 
1000MW unit. 

 The unit capacity ,with 2 layers of plate catalyst and 1 layer of honeycomb catalyst that has been 
running about 26000 hours,is 1000MW,which to reach 80% for the actual denitrification rate to meet 
the environmental requirements. In order to know weather the Denitrification efficiency meets the 
requirements of environmental protection and when the catalyst is needed to update, the  performance 
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test on site and the catalyst activity test in laboratory are carried out.Different cellular and plate 
catalyst samples with the same test conditions to test the catalyst activity in the small scale 
device.According to the activity test results, the data of catalyst the layer surface area and  catalyst 
running time,which can be calculated weighted average of catalyst activity of idle speed,then based 
on field test data to compute the running time that the denitrification system meet the environmental 
requirements.Tab. 2 as the result of calculation,the average decline rate of the catalyst activity was 
10.01%/10000h,and the actual denitrification rate was 83%,so the denitrification rate will fall to 80% 
after the unit runs 9167 hours.  

Table 1 Catalyst activity test results 

Catalyst type Catalyst position Catalyst activity（m/h) Relative activity 

Honeycomb New catalyst 47.7 1 
Plate New catalyst 48.3 1 

Honeycomb The down of A 35.9 0.75 
Honeycomb The down of B 32.5 0.68 

Plate The up of A 33 0.68  
Plate The up of B 34 0.70  
Plate The middle of A 38.8 0.80  
Plate The middle of B 39.7 0.82  

Table 2 Prediction of denitrification performance for the unit 

Average 
denitrification 

rate（%） 

The requirement for 
denitrification rate in 

unit （%） 

The average inerting 
speed of catalyst activity 

in unit（%/10000h） 

The hours of 
operation with 

denitrification rate 
fell to 80%  

83 80 10.01 9167 

4. Summary 
1) The actual situation of the products that the flow field ,ash, ammonia injection and its like for the 

denitrification reactor would be not simulated by both pilot experimental device and small scale 
device.Therefore, the SCR catalyst activity can not reflect the actual denitrification performance 
of the reactor. 

2) Due to the limitation of the catalyst performance prediction in the laboratory , the method 
adopted that performance testing of the denitrification system on the site should be 
modified.Through the measurement of the denitrification rate in the field ,which can calculate 
the actual activity and potential of the reactor.That is to say,laboratory test data of the catalyst 
will be used to receive the catalyst activity of the reduction velocity , while the field test data of 
the denitrification system used to control the actual denitrification performance of the reactor. 

3) The performance test and prediction for the de-NOx equipment of a 1000MW unit were carried 
out in the field and laboratory, of which the result that the denitrification rate would fall to 80% 
after the unit running 9167 hours.  
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