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Abstract: Adsorption experiments of nitrogen oxides (NOX) were carried out using 

activated carbon fibers. The effects of activated carbon type and oxygen content on 

NOX adsorption were discussed. The results show that different kinds of active fillers 

have significant effects on adsorption performance. As the oxygen content increases, 

the penetration time becomes longer; the volume percentage of NO2 in the gas 

becomes larger, the penetration time increases first and then decreases, and the 

adsorption effect is best when the volume percentage of NO2 is about 25%. 
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1. Introduction 

As an important class of air pollutants, nitrogen oxides mainly include nitrogen 

monoxide and nitrogen dioxide, as well as N2O4, N2O and N2O5 .According to the 

National Energy Basic Conception issued by the China Institute of Science and 

Technology, China's 2000 NOX emissions were 18.9 million tons. So far, the total 

amount of nitrogen oxides emissions has remained high, so taking effective 

measures to effectively eliminate NOX pollution is a serious issue. At present, the 

main methods for controlling NOX are selective catalytic reduction, selective non-

catalytic reduction, catalytic decomposition, liquid absorption, microbial, and 

adsorption. Among them, the adsorption process is relatively simple, easy to 

automate, can effectively capture harmful substances with low concentration and 

can realize waste resource utilization, which becomes a very important method. 

According to reports in the literature, the adsorbents used to adsorb NOX in 

exhaust gas mainly include molecular sieves, activated carbon, zeolite, heteropoly 



Volume 6 Issue 3 2019 

   105 

acid, silica gel and peat containing NH3. Among them, activated carbon fiber 

adsorption method is applied more. During the adsorption process, NOX is in full 

contact with activated carbon fiber (ACF), and the following reactions may occur 

during the adsorption process: 

𝑁𝑂  𝑁𝑂→
𝐴𝐶 (𝛼)∗                                               (1) 

𝑁𝑂2  𝑁𝑂2(𝛼)∗
→

𝐴𝐶                                                (2) 

                          𝑁𝑂 + 𝑂  →
𝐴𝐶 𝑁𝑂2                                                 (3) 

                 4𝑁𝑂 + 4𝑁𝑂2 + 𝑂2  4𝑁2→
𝐴𝐶 + 6𝐻2𝑂                             (4)  

                    2𝑁𝑂2 + 𝐻2𝑂  𝐻𝑁𝑂3 + 𝐻𝑁𝑂2→
𝐴𝐶                                     (5) 

                    𝑁𝑂 + 𝑁𝑂2 + 𝐻2𝑂 → 2𝐻𝑁𝑂2                                          (6) 

It is generally believed that the adsorption and conversion mechanism of NOX is that 

NO2, NO, and O2 are first adsorbed on the activated carbon fiber, and the NO in the 

adsorbed state is oxidized to NO2 at the activation site. Some activated carbon fibers 

have the ability to reduce NOX to N2, such as reaction (4). Reactions (5) and (6) occur 

if water vapor is present. When NOX accumulates to a certain extent on the activated 

carbon fiber, desorption occurs. 

Removal of NOX by activated carbon fiber adsorption process has simple process and 

high efficiency、higher characteristics, but there are still few applied researches in 

China. Therefore, the research on the theory and process conditions of NOX treatment 

by activated carbon fiber adsorption is of great significance in China. 

 

2. Experimental part 

Only NO and NO 2 were considered in this study. The experimental setup is shown in 

Figure 1. The simulated exhaust gas is made up of (NO2 + NO + N2) and O2. The 

concentration of O2, NOX and N2 is changed by adjusting the flow meter valve. The 

total gas flow in this experimental study is 40 L /h. Three general-purpose samples 

were taken, and the gas composition was measured by a NO-NO2-NOx analyzer 

(Thermo Electron Corporation, 42C High Level). The adsorption tower was a glass 

tube with an inner diameter of 14 mm, and the outer wall was a heating device, and 

the adsorption was maintained by a super constant temperature water bath. The inner 

tube is kept at a constant temperature. During the experiment, the adsorbent is placed 

in the inner tube of the adsorber, and the reacted gas is discharged into the fume 

hood. 
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Figure.1 The experimental setup 

 

3. Experimental results and discussion 

3.1 Comparison of activated carbon fibers 

Firstly, the adsorption characteristics of several activated carbon fibers were compared 

to select the best activated carbon fiber for future research. The adsorbent activated 

carbon fiber mass is 5 g (bed height is about 5 cm), the imported NOX concentration 

is about 1000 ppm (the volume ratio of NO to NO2 is about 5%), the oxygen content 

is 10%, and the temperature is 22 °C. The results are shown in Table 1: 

Table.1 Comparison of activated carbon fibers 

ACF type 1# 2# 3# 4# 

Penetration 

time(t/min) 
80 62 24 5 

 

The breakthrough time t in this study is the time from the start of the test to the NOX 

concentration at the reactor outlet of 116.8 ppm (countdown based on NOX 

unorganized emission standards). 

It can be seen from Table 1 that different types of activated carbon fibers have an 

adsorption effect on NOX, and the adsorption effect of 1# is the best (the following 

experiments all use 1# activated carbon fiber). 

 

3.2 Adsorption conversion test results 

The experimental conditions are: the adsorbent mass is 5 g (the bed height is about 

5 cm), the imported NOX concentration is about 1 000 ppm (where the volume ratio 

of NO to NO2 is about 5.5%), the oxygen content is 10%, and the temperature is 

22 °C. The results of the experimentally obtained outlet concentration over time are 

shown in Fig. 2. 



Volume 6 Issue 3 2019 

   107 

 

Fig. 2 Export concentration versus time curve 

It can be seen from Fig. 2 that the concentration of NO2 at the outlet is almost 

unchanged, and the highest point is not more than 1 ppm, which indicates that the 

activated carbon fiber has a good adsorption effect on NO2. The concentration of NO 

at the outlet rapidly increased to 70 ppm, and it increased rapidly after maintaining 

the concentration for a period of time. The trend of NOx outlet concentration with 

time was basically the same as that of NO, and the two curves almost coincide. This 

is because the adsorption effect of activated carbon on NO does not have a good 

adsorption effect on NO2, so the concentration at the outlet rises rapidly. As the 

adsorption time increases, the NO and O2 adsorbed on the activated carbon fiber 

increase, and the activated carbon fiber active site NO. When it is in the presence of 

oxygen, it is oxidized to NO2, and the NO2 after oxidation is adsorbed. The 

concentration of NO in the period does not change much. With the gradual 

accumulation of NO2, the activation site on the activated carbon fiber is less and less. 

The NO at the place has increased rapidly. 

 

3.3 Effect of gas composition on adsorption effect 

The NOX gas is mainly composed of NO and NO2.Due to the difference in properties 

of the two gases, the study gas composition is important for the adsorption effect. 

Change the NOX composition of NO and NO at a mass of adsorbent of 5 g, an inlet 

NOX concentration of approximately 1200 ppm (wherein the volume ratio of NO to 

NO2 is approximately 6.5%), an oxygen content of 10% and a temperature of 22°C, 

study the effect of gas composition on the adsorption effect, the results are shown in 

Figure 3. 
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Figure.3. Effect of gas composition on adsorption 

 

Figure. 4 Effect of oxygen content 

It can be seen from Fig. 3 that as the concentration of NO2 increases, the penetration 

time increases first and then decreases. When the NO2 volume percentage is about 

25%, the penetration time is the longest. This is because the NO concentration 

decreases with the increase of NO2 concentration in the initial stage. The activated 

carbon fiber has a good adsorption effect on NO2, so the NOX concentration increases 

slowly at the outlet and the penetration time becomes longer. However, when NO2 

continues to increase, The increase in the adsorption site on the activated carbon fiber 

inhibits the adsorption and oxidation of NO, so the concentration of NO at the outlet 

increases rapidly, resulting in a shorter penetration time. 
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3.4 Effect of oxygen content 

When the adsorbent mass is 5 g, the inlet NOX concentration is about 1248 ppm 

(where the volume ratio of NO to NO2 is about 6%), and the temperature is 22°C, the 

oxygen content is changed to 10%, 15% , 20% respectively. the results are shown in 

Figure 4. 

It can be seen from Fig. 4 that as the oxygen content increases, the NOX concentration 

at the outlet increases slowly and the penetration time increases. This is because as 

the oxygen content increases, the oxygen adsorbed on the activated carbon increases, 

and the probability of reacting with the NO molecule increases, which is favorable for 

the reaction (3), so the NO growth at the outlet is slow, so that the breakthrough time 

increase. 

 

4. Conclusion 

Different kinds of adsorbents have significant effects on adsorption performance. As 

the oxygen content increases, the penetration time becomes longer. As the volume 

percentage of NO2 in the gas becomes larger, the penetration time first increases and 

then decreases. When the volume percentage of NO2 is about 25%, the adsorption 

effect is the best. 

 

References 

[1] Chen Junhui et al. Current status and prospects of flue gas denitrification technology in 
China [R]. National Symposium on Nitrogen Oxide Pollution Control, 2001. 

[2] Zhang Wenhui et al. Application of activated carbon in controlling the reduction of 
atmospheric pollution in China 

[R]. The 9th National Conference on Atmospheric Environment, 2002. 
[3] Zhang Pengyu, Yang Qiaoyun, Xu Lusi et al. Experimental study on low temperature 

adsorption oxidation of NO by activated carbon fiber [J]. Electric Power Environmental 
Protection, 2004, 20(2), 25~ 28. 

[4] Qiao Zhijun, Li Jiajun et al. Effect of high temperature heat treatment on micropores and 

surface properties of activated carbon fibers [J]. New carbon materials, 2004, 19(2), 
53~55. 

[5] Zhancheng Guo , Yusheng Xie , Ikpyo Hong .catalytic oxidation of NO to NO2 on activated 
carbon .Energy Conversing and Management, 2001, 42:2005～2018. 

[6] Lu Wenzhi, Zhao Xiuge, et al. Catalytic oxidation of NO [J]. Chinese Journal of Catalysis, 

2000, 21(5): 423 ~ 427. 

 


