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Catalysts for the Selective Catalytic Reduction of NOx with NH3 at 
Low Temperature 

Wenpo Shana,b and Hua Song a* 

Selective catalytic reduction of NOx with NH3 (NH3-SCR) at low temperature is a major challenge in environmental catalysis. 

In recent years, great efforts have been applied to the development of low-temperature SCR catalysts for both stationary 

sources and diesel engines. Mn-based catalysts have attracted great attentions due to their excellent low-temperature 

activity. However, vulnerability to SO2 and H2O poisoning and preference for N2O formation make these catalysts still far 

away from industrial application. V2O5 loaded on carbon materials have shown both high SCR activity and SO2 tolerance at 

low-temperature. This type of catalyst is very promising for the applications in low-temperature SCR for stationary sources. 

Recently, Cu containing small pore zeolites, such as Cu-SSZ-13 and Cu-SAPO-34 with CHA structure and Cu-SSZ-39 and Cu-

SAPO-18 with AEI structure, were shown to have very high activity at low temperature and excellent hydrothermal stability 

at high temperature and thus received much attention for the applications on diesel vehicles. In this review, we will focus 

on the recent studies of low-temperature NH3-SCR catalysts. In addition, the future directions of low-temperature SCR 

development will also be discussed.

1. Introduction 

NOx (mainly NO and NO2) can induce acid rain, photochemical 

smog and haze, and can also cause direct damages to the 

respiratory systems of human bodies. It is mainly produced 

during the combustion of fossil fuels from stationary sources 

such as coal-fired power plants and mobile sources such as 

motor vehicles. In recent years, great efforts have been applied 

to the development and application of available technologies 

for the control of NOx emissions.1, 2  

Although modifications to the combustion system are 

extensively utilized to lower NOx emissions, post-combustion 

flue gas treatment technologies are still required to meet the 

ever tightened emission standards. In particular, different 

catalytic abatement technologies have been used for the NOx 

reduction from stationary and/or mobile sources.3 Among these 

technologies, selective catalytic reduction of NOx with NH3 

(NH3-SCR: 4 NO + 4 NH3 + O2 → 4 N2 + 6 H2O) is best developed 

and widely applied for NOx emission control due to its high 

efficiency, good selectivity and low cost.4, 5  

NH3-SCR was initially developed and applied for removing NOx 

from stationary sources. This technology has also been 

introduced into the market for diesel vehicles and is thought to 

be one of the best technologies for meeting the increasingly 

stringent standards for NOx emissions.6 Catalyst plays key role 

on the development of NH3-SCR technology.7 Vanadium-based 

catalysts, especially WO3 or MoO3 doped V2O5/TiO2, have been 

widely used for the removal of NOx generated from stationary 

sources since 1970s.4 This type of catalyst was also employed as 

the first generation NH3-SCR catalyst on diesel engines. 

However, the toxicity of active vanadium species restrained the 

practical applications of V2O5-WO3(MoO3)/TiO2 on diesel 

vehicles.6 Some transition metal exchanged zeolites, such as Fe-

ZSM-5 8, 9, Cu-SSZ-13,10, 11 and Cu-SAPO-34,12, 13 and vanadium-

free oxide catalysts, such as Ce-based 14-16 and Fe-based oxides 
17, 18, were developed as (potential) substitutions. Nevertheless, 

vanadium-based catalyst with excellent sulfur poisoning 

resistance is still a preferred choice for diesel vehicles in some 

developing countries, such as China, due to the high sulfur 

content in diesel fuel.19, 20  

There have been strong interests in developing NH3-SCR 

catalysts with high activity in low-temperature range (100-300 
oC).21 Such a catalyst can be placed in the downstream of the 

electrostatic precipitator (or baghouse) and/or de-sulfurizer 

where ash and/or sulfur contents are significantly reduced for 

stationary applications, especially coal fired power plants. 

Successful application of low-temperature NH3-SCR catalyst 

would significantly improve the lifetime of catalyst and the 

economics of NH3-SCR. Low-temperature NH3-SCR is also very 

important for diesel vehicles, for example, during cold startup 

and on traveling short distances.22 Therefore, we will focus our 

review on the recent studies of low-temperature NH3-SCR 

catalysts. In addition, the future directions of low-temperature 

SCR development will also be discussed. 

2. Challenges 

2.1 Inhibition of H2O 
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The presence of water vapour or moisture is inevitable for the 

application of NH3-SCR, no matter whether on stationary 

sources or diesel engines. Different influences of H2O on the 

activity of NH3-SCR catalyst were observed at low temperature 

and high temperature, respectively.23, 24 At high temperatures, 

H2O could inhibit the unselective oxidation of NH3 and thereby 

enhance the high-temperature activity. However, H2O can play 

a notable role on inhibiting SCR reaction and thereby decrease 

the activity at low temperatures. It is usually explained as an 

effect of an adsorption competition between H2O and NH3/NOx 

molecules on the reaction sites or as modification of the 

structure of active sites, e.g. the transformation of Lewis acid 

sites into Brønsted acid sites.4, 23, 25, 26  

2.2 Inhibition of HC 

Hydrocarbon (HC) residue in diesel exhaust can induce gradual 

deactivation of NH3-SCR catalysts, especially zeolite supported 

catalysts, by coking and deposition.21, 27 The inhibition effect by 

HC is related to the structure of the charged catalysts. For 

example, Cu exchanged medium-pore and cage zeolite, Cu-

ZSM-5, is prone to deactivation by HC, while Cu-SSZ-13 and Cu-

SAPO-34 with relatively small pores and one-dimensional pore 

structure showed good HC poisoning resistance.28, 29 

2.3 Poisoning by SO2 

SO2 is produced from the combustion of sulfur components in 

the fossil fuel, such as coal and diesel. The presence of SO2 can 

significantly impact the NH3-SCR activity of the catalyst. The 

transformation of SO2 to SO4
2- on the surface of catalyst will 

increase the surface acidity and thereby enhance the 

adsorption of NH3, which will significantly improve the high-

temperature NH3-SCR activity.4, 15, 30, 31 In addition, the 

improvement of low-temperature activity can also be observed 

on some specific catalysts, such as V2O5/AC.32, 33 However, for 

vanadium-free catalysts, the active metal can be sulfated 

gradually causing irreversible poisoning,34-37 and as a result, the 

low-temperature activity will be sharply decreased. Moreover, 

the production of ammonium sulphites or sulphates originating 

from reaction between NH3 and SO2 or SO3 can induce the 

coverage of active sites and the blockage of pores of the 

catalyst. This poisoning effect is universal for all of the low-

temperature NH3-SCR catalysts.21, 31 Thermal decomposition of 

the ammonium sulfates is an effective way to regenerate the 

deactivated NH3-SCR catalysts. For low-temperature SCR 

catalysts, periodical washing is another way to solve this 

problem, particularly for stationary sources.  

2.4 Poisoning by alkali metals 

Alkali metals from fly ash are another major concern for the 

application of SCR catalyst in coal-fired plants. For diesel 

vehicles, fuel and lubrication oil additives as well as urea 

solutions are the origins of alkali metals.38-40 Accumulation of a 

small amount of these metals will have a notable poisoning 

effect on the catalytic activity by decreasing the amount and 

strength of the Brønsted acid sites.40-42 Periodical washing is 

also an effective way to regenerate the alkali metal poisoned 

catalyst, especially for stationary sources. 

2.5 Production of N2O 

N2O is a strong greenhouse gas, which can be produced 

together with N2 during NH3-SCR. The N2O production is usually 

notable at high temperatures. But for some low-temperature 

catalysts, such as Mn-based catalysts, significant amount of N2O 

can also be formed even at low temperatures.43-45 Generally 

speaking, N2O formation over Mn-based catalysts at low 

temperature is due to the non-selective catalytic reduction 

(NSCR) reaction: 4NH3 + 4NO + 3O2 → 4N2O + 6H2O.4 Isotopic 

labelling study has demonstrated that the two N atoms in N2O 

are mainly due to a coupling of one nitrogen atom from NH3 and 

the other one from NO.46 

3. Mn oxides 

Over the last decades, there has been increasing interests in the 

development of low-temperature SCR catalysts containing 

transition metal oxide catalysts, such as V2O5, Fe2O3, CuO, and 

MnOx.21 Among them, Mn-based catalysts attracted great 

attentions due to their excellent low-temperature activity.  

Several oxides of Mn, i.e., MnO2, Mn5O8, Mn2O3, Mn3O4 and 

MnO, are known to be stable at ambient conditions. Different 

methods 47 and various precipitants 48 were used to prepare 

different types of MnOx as low-temperature SCR catalyst. The 

influences of crystallinity, oxidation state and structure on its 

SCR activity and N2 selectivity were investigated. MnO2 appears 

to exhibit the highest activity per surface area, followed by 

Mn5O8, Mn2O3, Mn3O4 and MnO, in a reduced order.49 

Amorphous MnOx prepared by different methods showed 

superior low temperature activity, which is mainly associated 

with the amorphous phase and high specific area.47 Although 

great efforts have been made to the investigation of MnOx for 

low-temperature SCR, high N2O formation during the reaction 

is still a general problem.  

To improve the catalytic performance of MnOx, some other 

metal elements were used to modify the catalytic properties of 

the catalysts, and many support materials were also engaged 

for Mn-based catalysts. A Mn/TiO2 catalyst with outstanding 

low-temperature SCR performance was reported in 2001.50 

After that, Mn-based SCR catalysts received great attentions, 

and various related catalysts were developed. These developed 

catalysts include Mn-Fe/TiO2,51 Mn-Ce/TiO2,52 Mn-Ni/TiO2,53 

Mn/Al2O3,54 Mn/SiO2,55 MnOx/AC,56 MnOx/CeO2-ZrO2-Al2O3,57 

Mn-Ce oxide,58-62 Mn-W oxide,63 Mn-Fe oxide,64, 65 Mn-Zr 

oxide,66 Mn-Cu oxide,67 Mn-Fe spinel,68 and Mesoporous MnO2-

Fe2O3-CeO2-TiO2 69. Most of these catalysts were developed for 

stationary sources. However, the Mn-based catalysts are 

vulnerable to the poisoning effects of SO2 and H2O, which is still 

not satisfactorily solved. The relatively high SO2 content in coal 

fired flue gas prevented the application of Mn-based catalysts.  

There were also some investigations of Mn-based catalysts for 

diesel exhaust treatment. Different dopants including Nb, Fe, W 

and Zr were selected to improve the catalytic performance of 

MnOx-CeO2 (Figure 1).62 Cordierite monoliths coated with the 

catalysts were tested under the conditions in SCR converters on 

board of diesel vehicles. Although the Nb-doped catalyst clearly 

showed improved activity and N2 selectivity, the addition of Nb 

did not enhance the resistance of the catalyst against SO2 
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poisoning. Similarly, a FeMnTiOx catalyst showed excellent low-

temperature SCR activity, but an intense and irreversible 

deactivation occurred after exposure to SO2, because the 

formation of nitrate species was totally inhibited by the 

formation of sulfate, resulting in the cut-off of the SCR reaction 

pathway at low temperatures.23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recently, a Mn-Ce mixed oxide catalyst prepared by surfactant-

template method showed both higher catalytic activity for NH3-

SCR and resistance against SO2 and H2O than the catalyst 

prepared by conventional co-precipitation method.70 In 

addition, a Mn-Ce-Ti mixed oxide catalyst prepared by 

hydrothermal method exhibited excellent NH3-SCR activity and 

strong resistance against H2O and SO2 in a broad temperature 

range. The excellent catalytic performance was related to the 

dual redox cycles (Mn4+ + Ce3+ ↔ Mn3+ + Ce4+ and Mn4+ + Ti3+ 

↔ Mn3+ + Ti 4+) and the amorphous structure of the catalyst.71 

These results may open new pathways for the development of 

Mn-based catalysts for low-temperature SCR. 

To gain insight into the NH3-SCR reaction over Mn-based 

catalysts, many mechanistic studies have been carried out. 

According to the reported reaction pathways, the initial step 

was usually considered to be the adsorption of NH3 on the Lewis 

acid sites of the catalysts to form coordinated NH3 and NH2, and 

then they can react with aerial NO through Eley–Rideal (E-R) 

mechanism or active nitrite intermediates adsorbed on the 

surface of the catalysts through Langmuir–Hinshelwood (L-H) 

mechanism.21, 72 Based on the investigation on a MnOx-CeO2 

catalyst, Qi et al. 60 indicated that all the intermediates during 

the SCR reaction could transform into NH2NO and further react 

to produce N2 and H2O. On the other hand, Liu et al. 23 

considered NH4NO3 as an important intermediate species at low 

temperatures on a FeMnTiOx catalyst, and the reduction of 

NH4NO3 by NO was suggested as the rate-determining step of 

the whole SCR reaction. Although spectroscopic investigations, 

adsorption-desorption studies and kinetic experiments have 

been widely used to investigate the mechanism of NH3-SCR 

reaction over Mn-based catalysts, there are still some debates. 

Different hypotheses proposed by different studies may be 

related to the different catalyst components, Mn loadings, and 

test conditions. 

4. V2O5-based catalysts 

Although V2O5-based catalysts have been commercialized in 

NH3-SCR industry since 1970s, there remains continuous 

interests for the improvement of low-temperature activity 

under abundant SO2 conditions, both for stationary sources and 

diesel engines.  

WO3 was found to be an excellent promoter and stabilizer for 

V2O5/TiO2.4 Particularly, the addition of WO3 into V2O5/TiO2 

could make it more active at low temperatures. The low-

temperature activity of V2O5-WO3/TiO2 can be further 

promoted by other dopant, such as Ce. It was found that Ce 

addition could enhance the NOx adsorption and oxidation and 

then accelerate the SCR reaction due to the synergetic 

interaction between Ce and V2O5-WO3/TiO2.73 In addition, it was 

also found that Mn can significantly promote the low 

temperature activity of V2O5/TiO2 catalyst.74  

Although TiO2 was widely used as the support for V2O5-based 

catalysts and has proved its excellent property in NH3-SCR 

industry for several decades, there were still many attempts to 

improve the support of V2O5-based catalysts. Several studies 

reported the application of V2O5 and V2O5-WO3 loaded on TiO2-

SiO2 in NH3-SCR using various preparation methods.6, 75, 76 The 

catalytic performance was further promoted by loading V2O5 on 

a TiO2-SiO2-MoO3 support using co-precipitation method.77 This 

catalyst exhibited a superior SCR activity and a good sulfur 

tolerance at lower temperature. Such superior low-

temperature SCR activity was mainly attributed to the presence 

of polymeric vanadate species and high redox property besides 

high surface area. The SO2 oxidation activity was found to be 

significantly suppressed with increasing the SiO2 content in the 

support, which leads to the remarkable improvement of sulfur 

tolerance of the catalyst and thus is favourable for the industrial 

applications of low-temperature SCR process. 

Carbon is a special catalyst support material with relatively inert 

property, so that undesired side reactions catalyzed by the 

support surface hardly occur. Various carbon materials 

supported vanadium-free catalysts, including 

CeO2/ACF(activated carbon fiber),78, 79 Fe2O3, Co2O3 or 

Mn2O3/ACF,80 MnOx/CNT (carbon nanotube),81-83 CuO/CNT,84 

MnOx-CeO2/CNT,85-88 Fe2O3, Cr2O3 or CuO/AC (active 

carbons),89, 90 Cu or Mn/active carbon honeycomb,91 and MnOx-

CeO2/ active carbon honeycomb,34 have been studied for low-

temperature SCR reaction. These catalysts exhibited relatively 

high SCR activities at low temperatures, but the inadequate SO2 

tolerance is a fatal problem for their industrial application. 

However, when V2O5 with extraordinary inherent resistibility to 

SO2 was loaded on carbon materials, the obtained catalysts 

Fig. 1 NOx conversions over MnCe, MnNbCe, MnFeCe, MnWCe, and MnZrCe 

oxides.62 The NOx conversion of VWTi oxides is also included for comparison. 

Catalyst-coated monoliths for the test: 1.2-1.3 g of each catalyst powder were 

coated with a silica binder on small cordierite monoliths (3.8 cm × 1.7 cm × 

1.2 cm) with a cell density of 400 cpsi; Reaction conditions: 1000 ppm NO, 

1000 ppm NH3, 10% O2, 5% H2O, and GHSV = volumetric gas flow/coated 

monolith volume = 52,000 h−1. (Reprinted with the permission from the 

Elsevier Publisher) 
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exhibited excellent activity and SO2 tolerance for low-

temperature SCR.  

When the loading of V2O5 is relatively low, SO2 even plays a 

positive effect on the activity. The kinds of SO2 adsorbed on the 

catalyst surface can be recognized as SO4
2-, which can increase 

the surface acidity and thus benefit NH3 adsorption on the 

catalyst, and as a result enhance the SCR activity.33 Although 

SO2 promotes the SCR activity of the V2O5/AC catalyst in the 

absence of H2O, it speeds the deactivation of the catalyst in the 

presence of H2O (Figure 2).32, 92 Under the co-existence of SO2 

and H2O, ammonium sulfate salts deposit on the surface of the 

V2O5/AC catalyst, block the pores of the catalyst, and cause 

catalyst deactivation.32, 93, 94 However, the deposited 

ammonium sulfate salts can be easily removed, for example by 

thermal decomposition or by washing.95 In addition, H2O 

inhibits the SCR reaction between the NH3 on the Lewis acid 

sites and NO, and the inhibition effect increases with increasing 

H2O content. The inhibition effect is reversible and H2O does not 

poison the V2O5/AC catalyst.96 HCl in the flue gas can play a 

promoting effect on the catalytic activity of V2O5/AC by 

increasing the surface acidity of the catalyst, but KCl deactivates 

the SCR activity by neutralization of acid sites.97, 98  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The commercial catalyst used in SCR is in monolithic form 

because it is suitable for high gas flow rate with low pressure 

drop, good gas distribution, and high tolerance to dust and 

attrition. Therefore, V2O5 was also directly loaded on active 

carbon monoliths and carbon-coated monoliths for low-

temperature SCR.99-102 

Similar with Mn-based catalysts, there are still some debates 

about the mechanism of NH3-SCR reaction over V2O5-based 

catalysts. Both Eley–Rideal (E-R) and Langmuir–Hinshelwood (L-

H) mechanisms were suggested.4, 103 When NO2 was added into 

the reaction for the purpose of promoting NOx conversion by 

“fast SCR” reaction (2 NH3 + NO + NO2 → 2N2 + 3H2O), the 

reaction mechanism turns to be more complicated.104 Based on 

some transient reactive experiments, Tronconi et al. 104, 105 

proposed a ‘‘Nitrate Route’’ for the low temperature ‘‘Fast SCR’’ 

reaction over V2O5-WO3/TiO2 catalyst. The formed NH4NO3 

during the reaction was identified as an important intermediate, 

and its subsequent reaction with NO was proposed as the rate 

determining step. Based on this result, they even developed a 

novel “Enhanced NH3-SCR” Reaction for NOx abatement at low 

temperature.22, 106 Such a reaction involves the selective 

reduction of NO by NH3 in the presence of nitrate species (e.g., 

NH4NO3) to N2 (2 NH3 + 2 NO + NH4NO3 → 3N2 + 5H2O). This new 

reaction has very high DeNOx efficiency at low temperatures, 

similar to that of “fast SCR”, even though no NO2 is fed to the 

reaction. 

5. Zeolites 

There are limitations to the catalyst volume that can be placed 

on board, which requires that the SCR catalyst should present 

superior NH3-SCR performance under high space velocity 

conditions.6 Therefore, Fe (or Cu)-exchanged zeolites, with high 

adaptability to high space velocity, have received increasing 

attention for the purpose of mobile application. Starting from 

1990s, great efforts have been made to ZSM-5 catalysts.8, 9 

However, the insufficient low-temperature activity of Fe-ZSM-5 

and the poor hydrothermal stability of Cu-ZSM-5 restrained 

their applications on diesel vehicles.107 Along with these 

problems, ZSM-5 is susceptible to adsorbing hydrocarbons at 

low temperatures that can generate heat as the temperature is 

raised, damaging the zeolite structure. 

Recently, Cu containing chabazite type zeolite (Cu-CHA) 

catalysts, especially Cu-SSZ-13 and Cu-SAPO-34, have been 

shown to have excellent catalytic activity, especially the low-

temperature activity, and hydrothermal stability in NH3-SCR 

reaction.28 Furthermore, this type of catalysts is less prone to 

deactivation by hydrocarbon inhibition and thermal 

degradation due to their small pore structures. The earliest 

reports on the excellent NH3-SCR performance of Cu-CHA 

catalysts were mainly presented in some patent literatures by 

Johnson Matthey 108 and BASF 109. Soon after that, many papers 

on the Cu-CHA catalysts and their NH3-SCR performance were 

published in the recent years and have attracted more and 

more attentions.110 

According to the comparison made by Kwak et al.,10 Cu-SSZ-13 

showed much better low-temperature activity and selectivity 

than ZSM-5 and beta supported catalysts. Furthermore, the NOx 

reduction performance of Cu-ZSM-5 and Cu-beta was 

significantly reduced at low temperatures after hydrothermal 

aging, while that of Cu-SSZ-13 was not affected.111 With similar 

structure as Cu-SSZ-13, Cu-SAPO-34 also has excellent NH3-SCR 

performance and stability.12 Indeed, the hydrothermal stability 

of Cu-SAPO-34 was better than Cu-SSZ-13, and its low-

temperature activity was even increased after hydrothermal 

aging.112 Isolated Cu2+ ions were identified as both SCR active 

site and structure protective agent for Cu-CHA catalysts.113-123 

Schmieg et al. 124 systematically assessed the multiple catalytic 

functions (NOx conversion, NO and NH3 oxidation, NH3 storage) 

of a BASF commercial Cu-chabazite (CHA) urea/NH3-SCR 

catalyst after undergoing different degrees of hydrothermal 

Fig. 2 Effect of H2O and SO2 on the NO conversion over 1 wt.% V2O5/AC 

catalyst. Reaction conditions: 500 ppm NO, 600 ppm NH3, 500 ppm SO2 (when 

used), 3.4% O2, 2.5% H2O (when used), and balance Ar; space velocity of 

90000 h−1; reaction temperature of 250 oC. (Reprinted with the permission 

from the Elsevier Publisher) 
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aging. The decrease in SCR performance was explained by 

zeolite structure destruction and/or Cu agglomeration. 

Laboratory aged catalyst (16 h at 800 oC) is very comparable to 

a 135,000 mile vehicle-aged one in term of its low-temperature 

NH3-SCR performance, except for the chemically poisoned inlet 

section of the vehicle-aged catalyst. 

Different from other NH3-SCR catalysts, Cu-CHA catalysts were 

less sensitive to the presence of NO2. Kwak et al. 125 examined 

the effect of Cu loading on the NH3-SCR performance over a 

series of Cu ion-exchanged (20–80%) SSZ-13 zeolite catalysts. 

They found that the NO oxidation over Cu-SSZ-13 was quite low 

regardless of Cu loading, and during the ‘‘fast’’ NO/NO2-SCR 

only a slight improvement in low-temperature NOx reduction 

activity was obtained. Xie et al. 126 even found that NO2 has an 

inhibition effect on the low-temperature activity of Cu-SSZ-13 

due to the accumulation of NH4NO3 (Figure 3). In addition to 

NO2, SO2 can also cause inhibition effect on the low-

temperature activity by the formation of ammonium sulfate 

species, with some contribution from competitive adsorption 

between SO2 and NOx.127-129  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To improve the synthesis procedure and reduce the preparation 

cost of Cu-SSZ-13, a low-cost copper-amine complex (Cu-TEPA) 

was rationally designed to act as a novel and efficient template 

for one-pot synthesis of Cu-SSZ-13 zeolites with changeable 

Si/Al ratios.11, 130 This methodology allowed the direct 

introduction of extra-framework copper species in the CHA 

cages. Soon after that, one-pot direct synthesis of Cu-SAPO-34 

was achieved.13, 117, 118, 131 Recently, Cu-SSZ-13 was even directly 

prepared on cordierite monolith by in situ hydrothermal 

synthesis method.132 These improvements of synthesis 

methods make the Cu-CHA catalysts more applicable in NH3-

SCR industry for diesel engines. 

Besides Cu-CHA, other Cu-exchanged small pore zeolites 

containing double 6-ring (D6R) in their structures were also 

reported as efficient catalysts for the SCR of NOx, such as Cu-

SSZ-39 133 and Cu-SAPO-18 134 with AEI structure, showing very 

high catalytic activity, especially low-temperature activity, and 

hydrothermal stability. 

Specific stabilization issues by coordination of extra-framework 

Cu2+ cations to three oxygen atoms of the D6R units present in 

the CHA structure have been described as the main reason of 

the excellent catalytic activity and hydrothermal stability of the 

Cu-CHA catalysts.110, 134 Cu2+/Cu+ redox cycling is required as 

part of the reaction mechanism.28 Based on the investigation on 

a Cu-SSZ-13 containing only isolated Cu2+ at 200 oC, Paolucci et 

al. 135 proposed an NH3-SCR reaction mechanism (Figure 4). In 

this overall SCR catalytic cycle, the desired product (N2) is 

formed in both the reduction and oxidation half-cycles, which is 

an unusual finding among known redox catalytic cycles. In 

addition, the authors indicated that isolated Cu2+ exchange sites 

on SAPO-34 and other zeolites likely catalyze SCR by a similar 

mechanism.135 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Summary and perspectives 

There have been strong interests to develop NH3-SCR catalysts 

with high activity and stability in low-temperature range, for the 

removal of NOx from both flue gas of stationary sources such as 

coal-fired power plants and exhaust from mobile sources such 

as diesel vehicles. Such a catalyst can be placed in the 

downstream of the de-sulfurizer and/or electrostatic 

precipitator (or baghouse) for stationary applications, which 

would significantly improve the lifetime of catalyst and 

economics of NH3-SCR. Low-temperature NH3-SCR is also very 

important for diesel vehicles, for example, during cold startup 

and on traveling short distances. 

Over the last decades, there have been increasing interests in 

the development of low-temperature SCR catalysts containing 

transition metal oxide catalysts, such as V2O5, Fe2O3, CuO, and 

MnOx. Among them, Mn-based catalysts attracted great 

attentions due to their excellent low-temperature activity. 

However, the Mn-based catalysts are vulnerable to the 

poisoning effects by SO2 and H2O and the N2O formation during 

the SCR reaction is relatively high when this type of catalyst is 

charged. These problems still inhibit Mn-based catalysts from 

Fig. 3 NH3-SCR performance of the Cu3.9–SSZ-13 catalyst under different 

reaction conditions.126 Reaction conditions: 500 ppm NOx (NO + NO2), 500 

ppm NH3, 5 vol.% O2, balance N2, and GHSV = 400 000 h−1. (Reprinted with 

the permission from the RSC Publisher) 

Fig. 4 Proposed SCR reaction mechanism over Cu-SSZ-13 at 200 oC.135 The 

dotted line separates oxidized Cu (top) from reduced (bottom) halves of the 

redox cycle. (Reprinted with the permission from the Wiley Publisher) 
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being industrially utilized. To obtain a catalyst with high 

catalytic activity and SO2 tolerance for low-temperature SCR, 

the traditional V2O5/TiO2 catalyst was continuously modified, 

and V2O5 with extraordinary inherent resistibility to SO2 was 

loaded on carbon materials. SO2 even plays a positive effect on 

the low-temperature activity of this type of catalyst. Although 

the deposition of ammonium sulfate salts can induce 

deactivation of the catalyst, the catalytic activity can be easily 

recovered through heating and water washing the deactivated 

one. With inherent resistibility to the poisoning effects by SO2 

on the catalyst components, this type of catalyst is very 

promising for the applications on NOx removal from the flue gas 

of stationary sources. 

To promote the NOx reduction for diesel engines at low 

temperature, an upstream diesel oxidation catalyst (DOC, 

containing precious metals) was often used to increase the 

NO2/NO molar feed ratio and thus promote the “fast SCR” 

reaction. The recent developed Cu containing small pore 

zeolites, such as Cu-SSZ-13 and Cu-SAPO-34 with CHA structure 

and Cu-SSZ-39 and Cu-SAPO-18 with AEI structure, have shown 

very high activity at low temperature and excellent 

hydrothermal stability at high temperature. The low-

temperature activity enhancement by DOC is desirable for these 

catalysts, which will significantly reduce the cost and onboard 

space needed for the aftertreatment system. Therefore, the Cu 

containing small pore zeolites have received much attention for 

the applications on NOx removal from the exhaust of diesel 

vehicles, and some of the catalysts have already been 

commercialized. 
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