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Abstract. In recent years, significant progress has been made in the research of catalysts for 
Selective Catalytic Reduction (SCR) denitrification, and the design and synthesis of novel catalysts 
have improved the efficiency and selectivity of SCR technology in reducing NOx emissions. In this 
paper, several commonly used catalytic preparation methods are firstly introduced. Then the 
denitrification catalysts were classified into two categories, loaded and unloaded catalysts, and 
analysed in detail. The characteristics of catalysts such as crystal structure, specific surface area 
and pore structure have an important influence on the SCR performance, while the active sites and 
the mode of action of the reducing agent also play a decisive role. Improving the composition, 
structure and preparation process of catalysts is an important means to improve the activity and 
stability of catalysts. Future directions include in-depth study of the relationship between catalyst 
structure and performance, exploration of more efficient catalyst design and preparation methods, 
enhanced research on the reaction mechanism of SCR denitrification, and commitment to the study 
of green and sustainable SCR denitrification catalysts. 
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1. Introduction 

Nitrogen oxides (NOx) are an important component of acid rain, haze, etc. Large amounts of NOx 

emissions can even cause a lot of problems such as photochemical smog and ozone hole, which cause 

damage to the ecological environment and even have a serious impact on human life and the growth 

of plants and animals [1]. Therefore, controlling NOx emissions is an urgent task to solve the current 

environmental problems. Common NOx removal technologies include: solid adsorption, plasma, wet 

nitrogen removal, catalytic decomposition, selective non-catalytic reduction (SNCR), selective 

catalytic reduction (SCR) [2], of which ammonia selective catalytic reduction (NH3-SCR) has been 

widely used due to its high efficiency, low cost and good stability. 

SCR is a technology used to reduce emissions of NOx from gases. The technology uses a catalyst 

to chemically react urea or ammonia with NOx in flue gas at a certain temperature to produce harmless 

nitrogen and water vapour. SCR technology is commonly used in facilities such as diesel engines, 

coal-fired power plants, boilers, and other facilities to satisfy environmental regulations for NOx 

emissions. SCR technology is widely used for its high efficiency in emission reduction and flexibility, 

and plays an important role in the industrial and transportation sectors. This paper reviews the 

common preparation methods of SCR catalysts and the research progress of loaded SCR 

denitrification catalysts versus unloaded SCR denitrification catalysts in recent years. 

2. SCR catalyst preparation method 

Currently, the main preparation methods for SCR denitrification catalysts include impregnation, 

hydrothermal method, sol-gel method, in-situ growth method, ion-exchange method, co-mixing 

method, and co-precipitation method, etc. Among them, impregnation, co-precipitation, and sol-gel 

method are commonly used in the preparation of low-temperature denitrification catalysts, while 

hydrothermal method is commonly used in the preparation of denitrification catalysts with 

homogeneous particles. 
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The preparation method has a large influence on the activity of the catalyst. Xu et al. [3] compared 

the activity of Mn-Ce/TiO2 catalysts prepared by the sol-gel method, the impregnation method, and 

the combination of the two methods. It was found that the Mn-Ce/TiO2 prepared by the sol-gel method 

had a larger specific surface area than the other two preparation methods, had the best denitrification 

activity, and the conversion of NO at 240°C was more than 90%. Chen et al. [4] prepared Mn-Co-

Fe/TiO2 catalysts by a novel co-precipitation method with NO conversion close to 98% at 500°C. Li 

et al. [5] prepared Mn/DE-HAL catalysts by impregnation and in situ growth methods, respectively. 

It was found that the active components of the Mn/DE-HAL catalyst prepared using the impregnation 

method were distributed on the surface and inside of the carrier, while the active components inside 

the carrier were not easy to participate in the SCR reaction because of the mass transfer resistance, 

and the catalytic activity of the catalyst was poor at low temperatures. 

3. SCR catalyst classification 

3.1. Loaded catalysts  

3.1.1 SCR catalysts with TiO2 as carrier 

TiO2 as a new type of material carrier that has attracted much attention, is the most widely used 

SCR denitrification catalyst carrier in the industrial field, accounting for 80%-90% of the total weight 

of denitrification catalysts. The catalytic effect of TiO2 mainly comes from the transition metal nature 

of Ti, and the electronic structure of its outer layer is 3d2 4s2, which will have a direct effect with the 

reactants or have an indirect effect on the reaction under different reaction conditions. Orbital 

hybridisation with s or p orbitals, the directionality of each orbital is weaker than that of s-p hybridised 

orbitals, so the bonding energy of Ti and ligand is weaker, and catalysis tends to be more ionic [6]. 

At present, the applications of TiO2 carrier catalysts mainly include pure TiO2 carrier 

denitrification catalysts, M (V, W, Mo, etc.)-TiO2 composite carrier denitrification catalysts, Ce-TiO2 

and other rare-earth metal element carrier denitrification catalysts. Song et al. [7] discussed the 

advantages and disadvantages of nano TiO2 solid catalysts through the study of TiO2 solid phase 

carriers and loading methods, and pointed out that it can be combined with filtration or purification 

equipment, and has a wide range of prospects for application in the field of water treatment and air 

purification. Xu et al. [8] impregnated W onto TiO2 to obtain a catalyst with a large specific surface 

area and a high catalytic efficiency, and WO3 can play the role of co-catalyst as well as increase the 

Bronsted acidity of the catalyst to improve the activity of the catalyst. Jin et al. [9] used Mn-Ce 

composite oxides as the active component of the catalyst, loaded on TiO2, to obtain excellent low-

temperature SCR catalysts, with a NO removal rate of 80% at 120℃. 

3.1.2 SCR catalysts with Al2O3 as carrier 

As a non-metallic oxidant, Al2O3 has better anti-sulphation properties, and the production cost of 

Al2O3 is relatively low compared with some high-end carriers, making it suitable for large-scale 

applications. Al2O3 has a large specific surface area, which is conducive to the dispersion of active 

components and the adsorption of reactive substances. 

Liu et al. [10] investigated the effects of preparation parameters, temperature, and airspeed on 

denitrification activity by coating γ-Al2O3 membrane impregnation method with active components 

CuO and Na2O, respectively. It was found that due to the alkali metal additives promote the oxidation 

of NH3 and inhibit the denitrification activity, the suitable operating temperature of this catalyst is 

400℃, the suitable operating airspeed is 2300 h-1 below, and the NO conversion rate is 85%, while 

for the granular CuO/Al2O3 under the same test conditions, the NO conversion rate is above 90%. 

Guo et al. [11] prepared Al2O3 carrier with large specific surface area by gel method, and then 

formulated CeO2-MnOx/Al2O3 catalyst loaded with MnOx and CeO2 components by equal volume 

impregnation method, and finally proved that 550°C is the optimal roasting temperature of the catalyst, 

and the maximum activity of the catalyst can be up to 98% at this temperature, and 4% CeO2-7% 

MnOx/Al2O3 is the best catalytic activity ratio, and the optimum operating temperature is 260°C. 
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3.1.3 SCR catalysts based on molecular sieves 

Loaded molecular sieve catalysts are active component catalysts (e.g. vanadium, molybdenum, 

etc.) loaded on the surface of molecular sieves, which provide a good distribution of active centres 

and reaction channels through their highly ordered pore structure and large specific surface area, thus 

facilitating denitrification reactions. The molecular sieve-based catalysts loaded by transition metal 

ions (Cu, Fe, etc.) were found to have high thermal stability, and their activity windows (200~400°C) 

were suitable for diesel vehicle exhaust treatment. In particular, molecular sieve-based catalysts with 

small pore sizes are widely studied for diesel vehicle exhaust gas post-treatment systems at this stage 

because they exhibit higher NOx decomposition efficiency and N2 selectivity during denitrification, 

are non-toxic and harmless in themselves, and have higher resistance to water and sulfur poisoning, 

which meets the National VI emission standards for motor vehicles [12]. Lu et al. [13] prepared Cu-

SAPO-34 catalyst by in situ hydrothermal method using morpholine as template agent. The ability of 

molecular sieve catalysts to catalyze the reduction of NO was evaluated on a catalyst evaluation 

device, and it was found that the denitrification activity of Cu-SAPO-34 was lower at temperatures 

lower than 100°C. The denitrification activity of Cu-SAPO-34 was reached a maximum of 86% at 

250°C. The denitrification activity of Cu-SAPO-34 catalyst started to decrease when the temperature 

was higher than 300°C. Zhang et al. [14] compared the denitrification properties of different copper-

based molecular sieves Cu-ZSM-5, Cu-SSZ-13 and Cu-SAPO-34, and found that Cu-SSZ-13 and Cu-

SAPO-34 molecular sieves with CHA-type of small pore size were found to have higher SCR activity, 

carbon build-up resistance and hydrothermal stability than that of Cu-ZSM-5.  

3.1.4 Other carrier SCR catalysts 

In addition to the several widely used loaded denitrification catalysts mentioned above, common 

carriers include activated carbon, zirconia, molybdenum, silicon and so on. Fan et al. [15] prepared 

loaded catalysts using La-Mn chalcocite oxide as the active component and biochar as the carrier, 

and concluded that at an airspeed of 16,000 h-1, [NH3]=[NO]=670 mg/m3, [O2]=5% (v/v), and a total 

gas volume of 800ml/min, the loaded catalysts with a range of 100-250 °C 10% NO conversion of 

LMO/BCNA was greater than 80% with N2 selectivity greater than 90%, and the maximum NO 

conversion was 95.6% at 225°C, corresponding to N2 selectivity of 95.4%. Zhang et al. [16] prepared 

TiO2-ZrO2 solid solutions with a molar ratio of 1:1 by co-precipitation method and impregnated 1% 

V2O5 with different mass ratios step by step, and finally obtained a series of 1% V2O5-x%WO3/TiO2-

ZrO2, and found that the effect of ZrO2 on the specific surface area of the catalyst was relatively 

obvious, and the ZrO2 was conducive to the dispersed loading of active components. Shen et al. [17] 

prepared Ti-Al-Si-Ox denitrification catalyst carriers by extrusion moulding method, and optimized 

the distribution ratio of carrier groups by orthogonal design, and found that when the molar ratio of 

Ti/Al/Si elements was 1:0.2:0.1, the activity and axial crushing strength of its carrier for SCR NO 

removal were the best matched. Under the conditions of airspeed of 7200h-1, and 450~550℃, the NO 

removal efficiency of the carrier was >80%, and the maximum NO removal efficiency reached 85.8% 

at 494℃. 

3.2. Unloaded catalysts 

3.2.1 Mn-based metal oxide SCR catalysts 

The valence electron configuration of Mn is 3d5 4s2, the electrons in the d orbitals of different 

valence states of Mn in MnOx are in a half-filled state, (e.g., 3d5 for 2-valent Mn, 3d3 for 4-valent Mn) 

the electrons in the d orbitals are easy to be migrated to NH3 and O2, so MnOx is able to provide free 

electrons when it is used as an active component. The stronger the ability of free electron migration, 

the better the redox performance. Therefore, Mn oxide catalysts possess good low-temperature 

denitrification performance and play an important role in the reaction of selective catalytic reduction 

of NOx by NH3 [18]. Chen et al. [19] used the rheological phase method to prepare unloaded MnOx 

and tested its low temperature activity and water resistance. The unloaded MnOx was found to have 

excellent NH3-SCR activity at low temperatures, with a NOx conversion of 60% at 50°C and nearly 
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100% at 80°C. The NO oxidation process on the MnOx catalyst was inhibited when water vapour was 

present. Xu et al. [20] obtained β-MnO2, K-α-MnO2 and H-α-MnO2 by hydrothermal reaction of 

MnSO4 with (NH4)2S2O8, KMnO4, and reflux reaction and decomposition reaction of sufficient 

amount of (NH4)2S2O8, respectively. The experimental results showed that H-α-MnO2 and K-α-

MnO2 both had better low-temperature NOx removal rate, and with the increase of temperature, the 

NOx removal rate increased and reaches the highest value close to 100% at 150°C. The low-

temperature NOx removal effect of β-MnO2, on the other hand, was quite different from that of K-α-

MnO2 and H-α-MnO2, and the NOx removal rate was only 70% between 200°C and 300°C. The 

results showed that the low-temperature NOx removal rate of β-MnO was only 70%. 

In order to further enhance the denitrification performance of Mn oxide catalysts, additives are 

usually added to the Mn oxide catalysts. Yan et al. [21] doped Ti and Sn in MnOx-CeO2 catalysts, 

and found that the doping of Ti and Sn significantly improved the denitrification rate of the catalysts. 

The denitrification rate of the catalyst reached more than 90% when the gas air velocity was 60,000 

m L/(g·h) at temperatures ranging from 175°C to 300°C. The catalysts were also found to have a 

higher denitrification rate when the gas air velocity was 60,000 m L/(g·h). More in-depth studies 

showed that the doping of Ti or Sn increased the surface area of the catalyst, enhanced the oxygen 

storage capacity, increased the surface acidity, and constituted a redox cycle reaction, which enhanced 

the denitrification performance of the original catalyst.  

3.2.2 Other metal oxide SCR catalysts 

In addition to Mn oxide catalysts, vanadium oxide, tungsten oxide, iron oxide, and zirconium oxide 

are commonly used as SCR denitrification catalysts. In order to investigate the reasons for the good 

denitrification activity of tungsten-cerium-zirconia catalysts, Xu et al. [22] prepared single-

component CeO2, WO3, and ZrO2 catalysts, two-component 50Ce-50Zr, 50W-50Ce, 50W-50Zr 

catalysts, and three-component 50W-25Ce-25Zr catalysts by the co-precipitation method, among 

which the three-component tungsten-cerium-zirconia catalysts had the optimal denitrification activity, 

and concluded that the reason for its better denitrification performance could be attributed to the fact 

that it had the best denitrification activity. The three-component tungsten-cerium-zirconium catalyst 

has the optimal denitrification activity, and it was concluded that its better denitrification performance 

can be attributed to the good dispersion of W on the catalyst surface, higher surface oxygen ratio, and 

more surface acid sites. Xu et al. [23] optimised a monolithic Fe2O3 catalyst by co-precipitation 

method in the presence of Co, which greatly enhanced the reaction performance of a single Fe2O3 

catalyst. Subsequently, the catalyst performances of FeCo alone, Ti only or Mn only with 

simultaneous addition of MnTi were compared, and it was found that only when MnTi was added at 

the same time, the performance of the catalysts was enhanced over the whole reaction temperature 

interval, indicating the existence of synergistic effect between Mn and Ti in Fe2O3 catalysts. 

4. Summary 

Currently, in the research of SCR denitrification catalysts, some significant progress has been 

made, and the design and synthesis of new catalysts make the SCR technology more efficient and 

selective in the reduction of NOx emissions, and the characteristics of the catalysts, such as the crystal 

structure, the specific surface area, and the pore structure, have an great influence on the SCR 

performance. In addition, the active sites on the catalyst surface and the mode of action of the reducing 

agent also play a decisive role in the SCR reaction. These findings provide guidance for further 

optimisation of catalyst structure and performance. By improving the composition, structure and 

preparation process of the catalysts, the activity and stability of the catalysts have been continuously 

improved to show better performance in practical industrial applications. In addition, some new types 

of SCR denitrification catalysts, such as composite catalysts based on transition metal oxides and 

non-precious metal catalysts, have gradually attracted the attention of researchers, providing new 

ideas and possibilities for future development. Various composite catalysts based on metal oxides 
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and transition metals have also been proved to have good catalytic performance, which provides a 

broad space for the development of SCR denitrification technology. 

For the future development direction of SCR denitrification catalysts, I believe that we should 

continue to study in depth the relationship between catalyst structure and performance, and explore 

more efficient catalyst design and preparation methods. At the same time, research on the reaction 

mechanism of SCR denitrification should be strengthened in order to better understand and optimise 

the performance of the catalyst. In addition, with the increasing requirements of environmental 

protection, the study of green and sustainable SCR denitrification catalysts will also become an 

important direction in the future. 
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