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Report: 

 
Proposal summary: 

Cu-exchanged chabazite zeolites (Cu-CHA) are efficient catalysts for NOx removal from the exhaust gas of diesel 

vehicles, via the selective catalytic reduction of NO by NH3 to N2 and H2O (NH3-SCR). These catalysts show an 

unsurpassed low-temperature activity, but are also sensitive to SO2. This limits the practical application as NH3-SCR 

catalysts, since the small amount of sulphur in diesel fuel produces some SO2, which significantly reduces the activity of 

Cu-CHA. The precise mechanism of this deactivation by SO2 is unknown, but we have proof that SO2 reacts very 

differently with different Cu species forming in the catalytic cycle. To understand the mechanism of deactivation we 

need to investigate resulting Cu-S species. In the first half of 2021, we will perform Cu K-edge XAS/XES experiments 

at BM23 and ID26 to shed light on the Cu side of the story (accepted proposal CH-5960). The necessary continuation of 

these experiments is the determination of the sulphur oxidation state and the local environment during the reaction in 

order to understand the interaction mechanism of Cu active sites with sulphur. In this proposal, we want to determine 

which S complexes form during the interaction of SO2 with different Cu intermediates of the SCR cycle in order 

to elucidate the role of the sulphur in the deactivation of Cu-CHA. This requires in situ measurements of the 

oxidation state and local environment of the S ions under controlled conditions. HERFD-XANES at S K-edge is the best 

technique available to address these questions.  This is a new approach to investigate the effect of SO2 on Cu-CHA-

based NH3-SCR catalysts, to provide unique and crucial understanding of application of Cu-CHA catalysts in diesel 

exhaust systems 

Experiment description 

The idea of the experiment was to determine the oxidation state of S when Cu species forming in the Selective catalytic 

reduction (SCR) cycle interact with SO2. Considering the results of CH-5960, we chose three Procedures with the most 

representitative results. The Cu-CHA catalyst was activated in 10% O2/He at 550 ℃ and then exposed to different gas 

compositions to get active Cu sites with different oxidation states and local environment (Procedures 1,2,5, Table 1). The 

experimental plan included three different pre-treatment procedures each ensuring the preferential formation of one of the 



 

key intermediates of the SCR reaction indicated in the table. After the pre-treatment each sample was exposed to SO2 for 

3 hours at 200°C, and then regenerated in the flow of He by heating it up to 550°C. The measurements were conducted in 

flow conditions using an ESRF vacuum catalyse cell, compatible with the desired temperatures and gas compositions, and 

suitable for using in the Tender X-Ray Spectrometer (TEXS) at ID26. A mass spectrometer was used to monitor the 

effluent gas from the cell. During the interaction of the catalyst with SO2 X-ray absorption spectra were measuring to track 

the evolution of the S oxidation state. After the stabilization of the spectra XES was measured to monitor the local 

geometry of S atoms. 

Table 1. Experimental procedures details 

Proc. number Gas composition and conditions Cu sites obtained 

1 NO and NH3 [CuI(NH3)2]+ complex 

2 As activated CuII-framework coordinated 

5 Exposure to NO and NH3, and then to 10% O2/He [CuII
2(NH3)4O2]2+ 

 

We measured a sample with Cu content: 3.2 wt% (Cu_CHA_68E). Also we took the sample with the same Cu content  

pre-sulfated (pre-S) by the industrial partner (Umicore) and ran two deSOx procedures (in O2 and in O2 + H2O) on it to 

compare the state of sulfur in case of the in situ sulfation at the ESRF and in situ sulfation at the industry. 

Results and discussion 

We performed 3 Procedures listed in the Table 1 and measured S K-edge XANES during exposure the sample to SO2, and 

S K-alpha XES at the end of the sulfation (Fig 1-4).  

  
 

Figure 1 XANES spectra 

of the sample 

Cu_CHA_68E during 

exposure to SO2 after 

pre-treatment procedure 

1. 

 
 

Figure 1 XANES 

spectra of the sample 

Cu_CHA_68E during 

exposure to SO2 after 

pre-treatment 

procedure 2. 

 
Figure 3 XANES spectra 

of the sample 

Cu_CHA_68E during 

exposure to SO2 after pre-

treatment procedure 5. 

 
Figure 4 S K-alpha XES of a set of 

references containing S with different 

oxidation states and coordinations, S K-

alpha XES of Cu_CHA_68E after 

sulfation in Procedures 1,2,5, and S K-

alpha XES of pre-sulfated samples. 

 

Conclusions 

1) The experiments provided the first in situ characterisation of suplhur species formed during the poisoning of the active 

Cu sites of Cu-CHA catalysts  

2) We found that in all our in situ sulfations and in the industrial sulfation the oxidation state of S is +6, XANES and XES 

spectra are similar to those that we have for references with SO4 groups. 

 


