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Introduction

The selective catalytic reduction of NO by hydrocarbon in the presence of excess O2 (SCR-NO) over several metal ion-exchanged ZSM5 catalysts has recently attracted much attention. Sato et al. [1] reported the good activity of Fe-exchanged ZSM5 in SCR-NO. In 1997, Feng et al. [2] prepared Fe-ZSM5 with Fe/Al~1 by ion exchange from oxalate solution. It is catalytically active and resistant to poisoning by H2O and SO2 for SCR-NO. However, the author mentioned that the results could not be reproduced [3]. Chen et al. [4-5] announced the active and durable Fe-ZSM5 made by sublimation of volatile FeCl3. From a practical point of view, SCR catalysts should be resistant to the inhibition by SO2 and H2O in real exhaust gases because diesel fuels contain small amounts of sulfur compounds. Recently, Ma et al. [6] reexamined Fe-ZSM5 catalyst prepared by a modified sublimation technique derived from a route described in ref. [5] (sublimation of FeCl3 vapor into the H-form of the ZSM5 under vacuum). This catalyst in the SCR-NO by ammonia showed superior catalytic activity and stability in a wide temperature range. Its activity was promoted by the presence of water in the feed while SO2 is a weak poison at low temperatures but a promoter at high temperatures. We report in this study the reason why Fe-ZSM5 made by sublimation method [4] was irreducibly deactivated in the SCR of NO by i-C4H10 in the presence of SO2.
Experimental

  Fe-ZSM5 was prepared by method described in ref. [5] and its Fe/Al was about 1 and measured by ICP-AES. Before experiments catalyst was calcined in O2 at 873K. The reaction was carried out in the mixture of 0.2% NO+ 3% O2+ 0.2% i-C4H10 (with He balance and GHSV = 42000 h-1). The catalytic tests were carried out in a continuous flow quartz reactor. The products were analyzed with GC and NOx analyzer. EPR spectra at 9.2GHz(X band) were recorded at RT and 77K with Bruker ESP 300 spectrometer. XPS spectra were taken with LHS-10 Surface analyzer (SPECS). FTIR spectra were acquired using in situ cell installed in a Nicolet Magna 560 FT-IR spectrometer with MCT detector. 

Results and Discussion

The SCR of NO by i-C4H10 over Fe-ZSM5 in the presence of SO2 decreased the conversion of NO to N2 from 60.5% to 31.8% as shown in Table 1. When SO2 was eliminated from a reaction mixture, the conversion of NO to N2 was not fully restored, which was only 37 %. XPS studies of Fe-ZSM5 deactivated by SO2 revealed the presence of sulfate and sulfite-like species as shown in Fig. 1. The binding energy (169.4 eV) of S 2p3/2 peak was very close to that of 169.2 eV assigned to FeSO4-like species [7]. The binding energy of 166.3 eV was very close to that of FeSO3 and assigned to sulfite-like species. 

	   
	N2(%)
	CO(%)
	CO2(%)
	NO2(ppm)

	Time(min)
	10
	30
	60
	10
	30
	60
	-
	-

	Before SO2
	-
	-
	59.1
	-
	-
	40.0
	31.9
	18

	150ppm SO2
	43.7
	39.7
	36.0
	28.9
	23.8
	21.5
	13.6
	125

	No SO2 
	39.7
	41.3
	43.8
	24.2
	25.4
	27.0
	20.6
	115

	300ppm SO2
	31.7
	26.6
	24.7
	17.5
	15.9
	15.0
	9.1
	125.3

	No SO2
	28.9
	33.2
	36.5
	17.1
	18.7
	20.6
	17.0
	123.7


   Table 1. Catalytic activity of Fe/ZSM5 in NO-SCR in the presence of SO2 at 623K

After calcination of Fe-ZSM5, we observed ESR signals at g(4.28 assigned to tetrahedral Fe3+ and at g(5.8 and 6.48 assigned to distorted tetrahedral coordination [8,9]. There was a weak broad signal at g(2.0 [8]. This line is probably arising from aggregated mutually interacting Fe3+ ions. After adsorption of SO2 at RT, the interaction of SO2 with Fe-ZSM5 decreased the signal at g(5.8 and g(6.5, but increased the signal at g(4.28. The local crystal field symmetry was changed from distorted tetrahedral to tetrahedral. The signals at g(5.6 and 6.5 are associated with very reactive isolated Fe3+ [8,10]. EPR spectra after SCR reaction in presence of SO2 at 623 K shows that the signals at g(5.8 and g(6.5 decreased by almost 100 % and the signal at g ( 4.28 decreased by about 60% as shown in Fig. 2. A new peak at g(1.9978 appeared which was also observed after adsorption of i-C4H10 followed by heating in vacuum at 523 and 573 K. This peak can be assigned to hexa-coordinated Fe3+ complex with octahedral symmetry. However, we cannot exclude the presence of paramagnetic coke species, because the color of Fe-ZSM5 was changed from red-yellow to dark brown after reaction in the presence of SO2. 
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Fig. 1. S 2p XPS spectrum of Fe-ZSM5 after reaction.

   After adsorption of SO2 on Fe-ZSM5 at 473, 523, 573 and 623 K followed by He purging and cooling down to 473 K, a strong band around 1358 cm-1 and a shoulder near 1322 cm-1 appeared in the ir spectra. The S=O stretching vibration of SO42- of metal sulfates lies between 1100 and 1235 cm-1. The band at 1370 cm-1 was assigned to the asymmetric vibration of S=O bonds of the O2S(O-)2 species by Kayo et al. [8]. Our band at 1358 cm-1 increased with increasing adsorption temperature of SO2, which is in agreement with adsorption of SO2 on Fe2O3 [11]. The band at 1355 cm-1 can be assigned to the asymmetric vibration of S=O bands of the O2S(O-)2 species complexed on Fe3+ of Fe-ZSM5. Sachtler [12] proposed that nitro/nitrate groups are important potential reaction intermediates. Pre-adsorption of SO2 followed by adsorption of NO/O2 mixture drastically decreased the intensities of the bands around 1623 cm-1 and 1573 cm-1 arising from Fe-NO2 and Fe-NO3, respectively. SO2 suppressed the formation of Fe-NO2 and Fe-NO3 by the formation of sulfate and sulfite species indicated by XPS and ir results.
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Fig. 2. ESR spectrum of Fe-ZSM5 taken at 77K: (a) after with SO2 at 623 K.                              calcination at 873 K (b) after reaction with SO2 at 623 K.

Conclusion

From the kinetic studies at 623K, it was shown that a presence of SO2 in the reaction mixture strongly poisoned Fe-ZSM5. XPS studies of deactivated Fe-ZSM5 revealed the formation of sulfate and sulfite species. EPR data showed that SO2 decreased the intensity of the peak arising from the most coordinatively unsaturated Fe3+ ions at g(5.8 and g(6.5 and created a new and sharp peak at g(1.9978 tentatively assigned to paramagnetic coke species. In the presence of SO2, the intensities of the ir bands arising from Fe-NO2 (1623cm-1) and Fe-NO3 (1573cm-1) decreased. On the basis of these results, SO2 deactivated Fe-ZSM5 by suppressing the formation of Fe-NO2 complex and increasing the formation of carbonaceous deposits.
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