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Introduction

The selective reduction of nitric oxide by hydrocarbons in the presence of excessive oxygen has been studied over various catalysts. Especially, supported platinum catalysts have been reported to be active and show the highest activity at very low temperature range (453 – 573 K) [1-4]. The low-temperature activity of Pt/ZSM-5 is very encouraging, and strongly suggests that Pt/ZSM-5 can be a promising catalyst for diesel-engine applications where the exhaust temperature is much lower than that of gasoline engines. Also, Pt/ZSM-5 is pronounced for its high activity in the presence of water and/or SO2 [3]. Although the promising results have been obtained with Pt/ZSM-5, the large formation of N2O and the narrow “temperature window” still hinder their application in practice. In this study, Pt/ZSM-5 was prepared by novel sublimation method and the effect of the pretreatment, SO2 and/or H2O on its activity was investigated.

Experimental

Preparation of catalyst : The parent ZSM-5 zeolite (ALSI-5, SM-27, Si/Al = 11.75) was transformed to H-ZSM-5 by calcinations in O2 flow at 773 K for 4 h. The calcined H-ZSM-5 was loaded into one side of a U-shaped reactor and PtCl2 was into the other side of the same reactor. A porous frit kept the zeolite separated from PtCl2. Chemical vapor deposition was carried out in a He flow (80 cc/min) + CO flow (20 cc/min). The sample was taken and washed with doubly deionized water. The catalysts were dried at 110 oC overnight followed by calcined under O2 flow at 600 oC for 4 h if the condition is not shown.

Reaction test : A typical inlet gas composition was 0.2 % NO, 0.2 % iso-C4H10 ( or 0.27 % C3H6), 3 % O2 and when desired, 7.8% H2O and/or 150 ppm SO2 with He balance. 0.1 g was used and a total flow rate was 140 cc/min (GHSV = 42,000 h-1). The reaction temperature was increased stepwise from 200 to 500 oC. The composition of the effluent was analyzed by GC (HP 5840; Molecular sieve 5A : N2, CO; Porapak Q : N2O, CO2, hydrocarbon) and NOx-analyzer at desired temperature.

Results and Discussion

The carbonylation of platinum halides occurs as follows;


PtClx + CO, CO2 (
Pt(CO)2Cl2 (
(210 oC)





Pt2(CO)2Cl4 (
(220 oC)

Pt(CO)Cl2 (
(240 oC)

During sublimation at 230 oC, Pt(CO)Cl2 and Pt2(CO)2Cl4 prevail. Taking the report of Iwamoto [3] into consideration, the following reaction could be suggested to proceed.



Pt(CO)2Cl2 + 2H+ 
(  Pt0 + 2CO + 2HCl

Pt0 atoms produced for sublimation were not stable at the temperature and gathered to make metallic platinum particles as evidenced by XPS. Pt exists in these zeolites in the form of fine metallic particles. The element composition as determined by ICP analysis are given in Table 1.

Table 1. Composition of Pt/ZSM-5 prepared by sublimation determined by ICP.

	Notation
	Pt (wt%)
	Al (wt%)
	Ion-exchange rate (%)

	Pt/ZSM-5-98
	9.85
	3.08
	98

	Pt/ZSM-5-2.6
	0.34
	3.64
	2.6
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Fig. 1 shows the conversion of C3H6, N2, N2O, NO, CO2 and CO over Pt/ZSM-5-98 catalysts calcined in O2 flow at 600 oC. In the low temperature range (< 325 oC), the NO to N2 conversion increases, then passes through a maximum at 250 oC when the C3H6 is nearly used up. The maximum conversion of NO to N2 and N2O are about 36 % and 46 % at 250 oC, respectively. In this low temperature range, our catalyst shows the similar trend to the previous prepared solution ion-exchanged Pt/ZSM-5 catalysts [2, 4]. It is interesting that the NO to N2 conversion increases again, then shows second maximum about 450 oC, although the conversion to N2O decreases monotonically. Such a widening window effect is very appreciable considering the real application.

Fig.1. Conversion of C3H6, N2, N2O, NO, CO2 and CO over Pt/ZSM-5-98 catalyst. Reactant feed: GHSV 42,000 h-1, C3H6 0.27%, NO 0.2 % and O2 3%.

Fig. 2 shows the conversion of C3H6, N2, N2O, NO, CO2 and CO over Pt/ZSM-5-2.6 catalysts calcined in O2 flow at 600 oC. Although the NO conversion decreased compared with that of Pt/ZSM-5-98, it shows a higher selectivity of N2, which is attributed to the less formation of N2O. The NO to N2 conversion increases and passes through a maximum about 400 oC. The maximum conversion of NO to N2 is about 40 % at 400 oC. The NO to N2O conversion shows a broad pattern between 250 and 400 oC, which is different from that of Pt/ZSM-5-98.
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Fig. 2. The conversion of C3H6, N2, N2O, NO, CO2 and CO over Pt/ZSM-5-2.6 catalyst. Reactant feed : GHSV 42,000 h-1, C3H6 0.27 %, NO 0.2 % and O2 3%.

It was shown that there is little change in the conversion and maximum temperature of NO to N2O on samples pre-treated under different conditions. However, maximum temperature of NO to N2 in high temperature range (> 325 oC) is dependent on the pretreatment condition. Also, the maximum of NO conversion to N2 at 400 oC was not shown when iso-C4H10 was used as a reductant instead of C3H6. 

When 150 ppm of SO2 added, the maximum conversion of NO to N2 in the low temperature range did not change, however, that in the high temperature range decreased abruptly, as shown in Fig. 3. Hence, the second maximum peak disappeared. H2O did not act as an inhibitor for N2 and N2O formation, whereas SO2 deactivated the N2O formation reversibly at 250 oC.
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Fig. 3. The effect of SO2 on N2 (a) and N2O conversion (b) over Pt/ZSM-5-98. Reactant feed: GHSV 42,000h-1, C3H6 0.27%, NO 0.2%, O2 3%, SO2=0 (() or 150ppm (o).

Conclusion

Pt/ZSM-5 catalysts with 9.85 wt% and 0.34 wt% of Pt, were prepared by sublimation of PtCl2 with CO into H-ZSM-5. Pt(CO)2Cl2 was made and sublimed upon the addition of CO to PtCl2. They showed a high activity for the selective catalytic reduction of NO to N2 and especially wide temperature window. Pt/ZSM-5-98 has two kinds of active sites. One site has the maximum conversion at 250 oC and was not affected by the pretreatment, the kind of hydrocarbon and the addition of H2O and/or SO2. The other site has the maximum conversion above 300 oC and was affected by the pretreatment condition and the kind of hydrocarbon. The site was deactivated by SO2. 
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