NSR 촉매상에서 주기조작이NOx 제거에 미치는 영향
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Introduction

As one of the promising technologies to improve the fuel efficiency, lean-burn gasoline engines have been introduced. However, the conventional 3-way catalyst is ineffective for NOx reduction under oxidizing conditions. For these lean burn engines, various types of deNOx catalyst have been intensively studied. One of them involves a trap for NOx and a three-way catalyst on the same substrate known as NOx storage and reduction (NSR) catalyst [1]. In such a system, NOx is oxidized on precious metals and combined with neighboring NOx storage compounds to form nitrates during the lean operation period. Then, during the short period of rich conditions, the nitrates are decomposed into NOx and the emitted NOx is reduced to N2 on precious metals by reducing agents.

There are many parameters affecting the catalytic activities of the NOx storage and reduction catalysts including the reaction temperature, the storage and regeneration times, the feedstream composition and the catalyst composition. This paper mainly examines the effect of periodic operation over Pt/BaO/Al2O3 catalysts in the simulated net oxidizing exhaust gas.

Experimental
Catalysts were prepared by impregnating 10 wt% barium oxide and/or 1 wt% platinum on alumina support. The powder was dried in air at 120℃ overnight, followed by calcination in air at temperatures higher than 500℃ for 5 h.

Catalytic activities of the catalysts were measured with steady and cycled feedstreams. To evaluate the catalytic performance for NOx reduction, catalyst of 200 mg was placed in a tubular flow reactor, reduced in H2 at 500℃ for 2 h, cooled down to the reaction temperature and then fed with simulated automotive exhaust gas containing NO, O2, CO, C3H6 and He at a space velocity of about 35,000 h-1. The feed composition was determined by the stoichiometric ratio (SR) that represents the ratio between oxidizing and reducing species in the reactive medium and can be defined as

Stoichiometric Ratio (SR) = (2 [O2] + [NO])/([CO] + 9 [C3H6])

When the SR is < 1.0, = 1.0 and > 1.0, the composition of the feedstream is net reducing, stoichiometric and net oxidizing, respectively. The gas compositions were achieved by using mass flow controllers and PLC-operated solenoid valves. The NOx concentration was measured by using a chemiluminescence type NOx analyzer (Rosemount model 951A).

Results and Discussion
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The catalytic activities of Pt/Al​2O3 and Pt/BaO/Al2O3 were measured under the static condition with steady feedstream. Figure 1 shows the conversion of NOx over the Pt/Al2O3 and Pt/BaO/Al2O3 catalysts as a function of the SR at 350℃. In both catalysts, the dependency of NOx conversion on the SR was nearly the same except in the range of complete NOx conversion; that is, NOx conversion of about 20 % was observed on the lean side over a wide range. As the SR gets close to 1, the NOx conversion increased rapidly. However, when the SR is less than a certain value, the NOx conversion decreases with decreasing SR and goes down to even about 20-30 %.

Granger et al. [2] investigated the kinetics of the CO+NO reaction over Pt-based catalysts and reported a negative second order in CO. Also, it is well known that strong admolecules such as CO and C3H6 inhibit the reaction rate. In addition, the catalytic activity of Pt/BaO/Al2O3 was superior to that of Pt/Al2O3 under reducing conditions near SR = 1 and  the Pt/BaO/Al2O3 catalyst removed NOx completely over a wider range of SR. Shinjoh et al. [3] suggested that, if the chemisorption of hydrocarbon on Pt/Al2O3 catalyst is suppressed by the addition of Ba, the NOx reduction would proceed efficiently. Various experimental results have confirmed that basic compounds have effect on the activity of Pt.

Table 1. Effect of periodic operation on the NOx conversion over Pt/BaO/Al2O3 in simulated exhaust gas at 300℃

	Run No.
	NOx Conv. (%)
	Periods (s) Rich/Lean
	SR* Rich/Lean
	O2 (%) Rich/Lean
	CO (%) Rich/Lean
	C3H6 (ppm) Rich/Lean

	1
	100
	10/60
	0.13/12.3
	0.5/4.39
	7.5/0
	800

	2
	99
	30/90
	0.13/12.3
	0.5/4.39
	7.5/0
	800

	3
	89
	120/120
	0.13/12.3
	0.5/4.39
	7.5/0
	800

	4
	99
	30/90
	0.61/12.3
	0.5/4.39
	1/0
	800

	5
	83
	30/90
	0.86/12.3
	0.5/4.39
	0.5/0
	800

	6
	100
	120/120
	0.86/12.3
	0.5/4.39
	0.5/0
	800

	7
	61
	30/90
	1.11/12.3
	0.5/2.73
	0.5/0
	500

	8
	86
	30/90
	0.86/5.63
	0.5/2
	0.5/0
	800

	9
	82
	30/90
	0.86/16.7
	0.5/6
	0.5/0
	800


* SR (Stoichiometric Ratio) = (2 [O2] + [NO])/([CO] + 9 [C3H6])

The effect of periodic operation on the NOx conversion was investigated over the Pt/BaO/Al2O3 catalyst under various cycled feedstreams and the results are summarized in Table 1. The activity of Pt/BaO/Al2O3 catalyst was improved in the cycled feedstream. The data for Runs 5, 8 and 9 were obtained by varying the SR of the lean phase with the SR of the rich phase fixed and using the cycle 30 s rich/90 s lean. The results suggest that the change of the SR in the lean phase has little effect on the NOx conversion. The data for Runs 2, 4, 5 and 7 for the cycle 30 s rich/90 s lean show that the NOx conversion increases as the SR of the rich phase decreases with the SR of the lean phase fixed. In particular, the lowest NOx conversion was achieved in the case of Run 7 where both stoichiometric ratios are in the lean side.

It is interesting to notice that Run 2 obtained higher NOx conversion than Runs 5 and 7 although the NOx conversion at SR=0.13 was lower than that at SR=0.86 and at SR=1.11 in Fig. 1. To gain further insight into this phenomenon, additional experiments were conducted. It is to be pointed out that the data for Runs 5 and 6 exhibit a trend opposite to the data for Runs 1, 2 and 3. In case of Runs 5 and 6, the NOx conversion increased as the period of rich phase gets longer and this is on the contrary to the case of Runs 1, 2 and 3. This indicates that there may exist an induction period before the local composition on the catalyst switches from lean to rich after the bulk composition does. The induction period, if it exists, depends on the regeneration conditions applied. Hence, it appears that, as the period of the rich phase gets longer, the local composition on the catalyst tends to approach the composition in the static experiment.

For an improved fuel economy and good catalytic performance it is necessary that the condition in the regeneration phase is made as close as possible to the stoichiometric one. The regeneration can be improved by decreasing the SR in the regeneration phase at the cost of lowering the fuel economy. An alternative method is to increase the period of regeneration phase. When the rich period was larger than about 80% of the lean period, complete conversion of NOx was observed for three different lean periods. When the rich period was below 60% of the lean period, the NOx conversion decreased with decreasing rich period. It is evident that complete regeneration of the adsorption capacity during the rich phase will allow the total adsorption capacity to be used. Thus, the rich condition should be chosen in such a way that the sorption capacity can be fully regenerated and the inhibition effect of strong admolecules such as CO and C3H6 can be minimized.

Conclusions
The Pt/BaO/Al2O3 catalyst showed a higher NOx reduction activity than the Pt/Al2O3 catalyst under both the static and cycling conditions. The NOx conversion over Pt/BaO/Al2O3 catalyst was found higher under dynamic oxidizing conditions than that under static oxidizing conditions. In order to achieve effective reduction of NOx, the rich condition should be chosen so as to completely regenerate the sorption capacity and to minimize the inhibition effect of strong admolecules such as CO and C​3H6.
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Fig. 1. Conversion efficiency as a function of the stoichiometric ratio in simulated exhaust gases at 350℃.
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