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Abstract 

Samples of La2O3-Ce2O3 / AC with 5% - 30% loading are prepared by impregnation, and 
the surface properties of the activated coke are characterized by bet, XRD, SEM, XPS, NH3-
TPD, etc. The result shows that the micro porous structure of the modified activated coke 
surface is more plentiful, and the number of active centers is also significantly increased 
compared with the original one. The denitrification of the modified activated coke 
samples is tested under the simulated gas conditions in the laboratory. The test result 
shows that when the molar ratio of La2O3-Ce2O3 is 1:4 and the loading is 25wt%, the 
denitrification performance of the modified activated coke is the best, and the efficiency 
of denitrification can surpass 90% when the temperature is over 180 ° C. SO2 and H2O 
both make the resistance efforts on the modified activated coke performance, even more 
stronger when both of them exist. O2 shows the promotion influence on the 
denitrification of activated coke, but it has stagnation when the concentration is over 6%. 
With the increase of NH3 / no, the denitrification efficiency of activated coke increases 
too, but when NH3 / no exceeds 1.5, the effect was not so obvious. 
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1. Introduction 

With the strengthening of environmental protection policy, the effective control of NOx emission has 

become an important topic in the field of atmospheric environmental protection. At present, for the 

treatment for NOx of the exhaust gas from coal-fired boilers and thermal power plants, selective 

catalytic reduction technology is widely used in industry. V2O5 / TiO2 is used as catalyst, NH3 is 

used as reduction medium, and NOx in flue gas is converted into N2 at the condition of 300-400 ℃, 

so as to achieve the purpose of removal. Due to the high temperature in traditional SCR process, its 

application in the field of NOx waste gas treatment is limited. Compared with the traditional SCR 

process, activated coke denitrification has the advantage of low temperature in operating window, 

and its denitrification efficiency can reach more than 80% under suitable conditions, which means a 

broad development prospect. In this paper, a series of La2O3-Ce2O3 / AC samples are prepared by 

impregnation method. The pore structure and surface chemical properties of activated coke before 

and after modification are made by the ways of bet, XRD, SEM and NH3-TPD and research the 

denitrification based on it. 
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2. Experimental part 

2.1 preparation of modified activated coke 

The activated coke used in the experiment is a high-performance cylindrical activated coke made by 

China Coal Research Institute, with a particle diameter of 9mm. The modified reagent includes 

La2O3 solution and Ce2O3 solution. In order to determine the best metal loading, a series of active 

coke samples with 5% - 30% LaCe loading are made. The preparation steps and methods are shown 

in Figure 1.1: 

 

Figure1.1 The steps of preparing modified activated coke 

2.2 Experimental equipment and process 

In the laboratory, flue gas was used as the simulated one, and its main components are SO2, no, NH3 

and N2. Put the simulated flue gas containing NOx into the denitrification reactor at 180 ℃, and at 

the outlet of the reactor, use the on-line flue gas analyzer measures the NOx concentration. The flue 

gas analyzer used in the experiment is Horiba pg-350. The NOx concentration at the outlet is 

measured every 25s. When the concentration is stable, calculate the NOx removal efficiency. The 

preparation steps and methods are shown in Figure 1.2: 
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1 Rotameter；2 Mass flowmeter；3 Controllable warm water bath；4 Mixing bottle；5 Steam generator；6 

Crucible resistance furnace；7 coil；8 Reactor；9 Thermocouple；10 Tail gas absorption bottle 

Figure1.2 Flow chart of activated coke denitrification performance test device 

3. Modified samples performance 

3.1 Bet analysis of modified activated coke samples  

The specific surface area and pore distribution are important factors affecting the adsorption and 

catalytic performance of activated coke. After the modified of original activated coke, we use the 

BET to detect the specific surface area and average pore size. The results are shown in Table 2.1:  
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Table 2.1 The characterization of BET about different mental loading amount of LaCe/AC 

Sample BET surface (m2/g) Total pore volume (cm3/g) Average pore size (nm) 

Virgin AC 234.73 0.120 2.055 

5%LaCe/AC 261.83 0.140 2.136 

10%LaCe/AC 260.88 0.150 2.306 

15%LaCe/AC 248.68 0.141 2.276 

20%LaCe/AC 239.03 0.147 2.472 

25% LaCe/AC 225.15 0.154 2.728 

30%LaCe/AC 216.71 0.136 2.507 

It can be seen from the results that compared with the original activated coke, the specific surface 

area of the modified sample increases first and then decreases with the increase of metal loading, and 

the change of pore size and surface area as the same. This is because during the loading process of 

metal oxide precursor, some new pores will be generated, which will lead to the increase of specific 

surface area of the samples loaded with low metal oxide compared with the original one. However, 

with the increasing of the mental loading amount of oxide, the phenomenon of metal oxide 

aggregation becomes more and more obvious, which will destroy the plugging pore structure and 

cause the decrease of specific surface area under the increase of the loading amount. 

3.2 SEM and XRD analysis of modified active coke samples 

It can be seen from SEM characterization (Figure 2.1) that with the increase of metal oxide loading, 

the surface of activated coke is gradually covered, and the aggregation of metal oxide is more and 

more obvious. It can also be showed from the XRD characterization (Fig. 2.2) that the original 

activated coke has two obvious carbon peaks (2 θ = 26.60 °, 44.46 °). With the increase of metal 

oxide load, the carbon peak gradually weakens until disappears, and the peak of metal oxide becomes 

more and more outstanding. 

 

a.virgin AC; b.5%LaCe/AC; c.10%LaCe/AC; d.15%LaCe/AC; e.20%LaCe/AC; f.25%LaCe/AC; 

g.30%LaCe/AC. 

Figure2.1 SEM figure of different activated coke samples (×5000) 
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Figure 2.2 Characterization results of different activated coke samples 

It can be seen from the results of SEM that the micropores on the surface of the modified activated 

coke are densely distributed and there are a large number of activated centers, which further increases 

the specific surface area of the activated coke and is conducive to the adsorption of NOx in the 

simulated flue gas. 

3.3 Modified activated coke of NH3-TPD and XPS characterization 

We can find from the NH3-TPD characterization results (Fig. 2.3) that the original activated coke has 

less weak adsorption sites, while the B acid and L acid on the surface of activated coke increase 

greatly after Ce2O3is loaded alone. Meanwhile, La2O3-Ce2O3 can further improve the amount of 

both of them, which is conducive to further improving the denitrification efficiency. Combined with 

the literature, it can be seen that the B acid position has an effect on the denitrification efficiency in 

the lower temperature range, while the L acid position can have an effect on the denitrification 

efficiency in the lower and higher temperature ranges at the same time. XPS (Figure 2.4) shows that 

the loading of La2O3-Ce2O3 at the same time can greatly improve the proportion of chemically 

adsorbed oxygen compared with the sample only loaded with Ce2O3. The proportion of it in the 

sample decreased after the reaction, which proved that it participated in the denitrification reaction, 

at the same time, it can greatly increase the proportion of Ce3+, causing the electronic imbalance 

state, which is beneficial to increase the amount of oxygen of vacancy and active free moving oxygen, 

thus improving the denitrification efficiency and widening the activated temperature range. La 3d 

XPS spectra show that La CE metal oxides are similar to perovskite, indicating that La CE metal 

oxides do not exist alone, but in the form of a composite oxide. This kind of oxide is more conducive 

to improve the performance about activated coke. 

 

Figure2.3 NH3-TPD characterization results of different activated coke samples 
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Figure2.4 XPS characterization results of different activated coke samples 

4. La2O3/ Ce2O3 Denitrification performance test of modified activated coke 

Under the simulated flue gas condition (6% O2 + 800ppmno + 800ppmnh3 + N2, total flow 500ml / 

min, 20g sample),the performance of activated coke is tested and the results as following: With the 

increase of the loading, the denitrification efficiency of the sample increases gradually. When the 

loading of metal oxide reaches 25% or more, the denitrification efficiency of the sample does not 

increase significantly. Meanwhile, The denitrification efficiency of the samples loaded with 

lanthanum oxide and cerium oxide is higher than that samples loaded with the same amount of single 

metal oxide, and larger than the active temperature range of the samples loaded with bimetallic oxide, 

which is caused by the synergistic effect between bimetallic oxides.。When the molar ratio of La2O3/ 

Ce2O3 is 1:4 and the loading amount is 25wt%, the modified activated coke shows the best 

denitrification performance, its denitrification efficiency can achieve above 90% averagely when the 

temperature is over 180ºC, and the stable experiment finds that it can remain over 85% efficiency 27h 

later,As shown in the figure, this shows that the modified activated coke has good denitrification 

stability and glorious industrial utilization prospect. 

 

Figure3.1 Effect of metal oxide loading on denitrification efficiency at 180 ℃ 
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Figure3.2 The effect of 25% LA / AC, 25% Ce / AC and 25% Lace / AC in different temperature 

range on denitrification efficiency 

By changing the composition of simulated flue gas, we study the effect of other flue gas components 

on the denitrification performance of La2O3-Ce2O3/AC sample. It is showed in Figure 3.3. It can be 

seen from the figure that SO2 and H2O can inhibit the denitrification performance of modified 

activated coke, and the inhibition is enhanced when they coexist. O2 makes positive effect on the 

denitrification performance of activated coke. However, when the concentration of O2 is more than 

6%, the change will not vary obviously. With the increase of NH3/NO, the denitrification efficiency 

of activated coke increases too, but when NH3/NO exceeds 1.5, the change is not obvious. 

 

Figure3.3 Effect of flue gas components on denitrification efficiency of 25% LaCe/AC 

5. Conclusions 

(1) The samples of La2O3-Ce2O3 modified activated coke have more surface microporous structure 

and more active centers than the original one. When the loading amount is 25%, at the time of the 

maximum value of the modified activated coke sample is over 25%.some pore structures will be 

blocked and the surface area will be decreased due to the metal oxide aggregation on the surface of 

the activated coke. 

(2) Under simulated flue gas condition, The denitrification performance of modified activated coke 

is tested. The results show that when the molar ratio of La2O3/ Ce2O3 is 1:4 and the loading amount 

is 25wt%, the modified activated coke can show the best denitrification performance. Its 
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denitrification can be over 90% stably at the temperature above 180ºC ,which means a rosy industrial 

prospect. 
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