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Abstract. The method of the selective catalytic reduction (SCR) has become one of the most
effective applications of NOy removal technology. Most studies focus the side on fixed bed
denitrification at low temperature low space velocity experimental condition, while few studies
about denitrification at low temperature high space velocity experimental condition. The catalyst,
Mn-Ce/AC, has been prepared by impregnation method in this paper. Under the experimental
condition of low temperature high space velocity, catalytic activity was researched in fixed bed
denitrification reactor and fluidized bed denitrification reactor respectively. Results show that, the
catalytic NO removal is 10.5% at 180°C, the space velocity is 100000™, in fixed bed denitrification
reactor; while it is 81.3% in fluidized bed denitrification reactor.

Introduction

NOx is one of the most serious atmosphere pollutants, which pollution and damage our living
environment more and more serious. The emission of NOy is increasing with the rapid development
of our country electric power industry [1,2]. At present, the method of the selective catalytic
reduction (SCR) is the main measures of NOy removal in coal-fired power plant [3]. Most research
fellow concentrate the attention on fixed bed denitrification reactor in conventional, and the
research and development of fluidized bed is due to its advantage in the combustion process [4-8].
In this paper, catalyst was put into fluidized bed denitrification reactor of low temperature high
space velocity experimental condition, realized an ideal fluidization state by suitable the space
velocity. As a result of the contact area was increased between catalyst and reaction gas, and the
catalytic denitration efficiency was enhanced.

SCR denitrification technology

SCR method is defined as the NOy in the flue gas, which was transformed to N, and H,O
selectively by a series of chemical reactions after the catalyst was added into the reactor under a
certain temperature condition. The reducing agent, NHs, is not directly reacted with the O,
unreacted in the flue gas. Therefore, this method is known as "selective”. There are other reducing
agents as well as H,, CO, CHy and the like [9]. Table 1.shows that several common reducing agents
SCR chemical equations.

Currently, the most widely used reducing agent is NH;. There are main reaction equations of
NH;-SCR as follows [10]:

ANO+4NH;+0,=4N,+6H, (1)
2NO+4NH;+0,=3N,+6H,0 )
SNH;+6NO,=7N,+12H,0 (3)
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Table 1.SCR chemical equations

Reducing agent SCR chemical equation
NH; 4NH;+4NO+0, — 4N,+6H,0
H, 2NO+H;,+0; — N,+4H,0
CcO 4CO+0,+2NO — N,+4CO;,
CH4 CH4+2NO+0;— CO,+N,+2H,0
C,HsOH C,HsOH+4NO+30,— 2CO,+2N,+3H,0
CO(NHy)» 2CO(NH;),+4NO+0,— 2CO,+4N,+2H,0
C;Hg C3;Hgt2NO+40,— 3CO,+N»+4H,0

The basic principle of SCR denitrification process is shown in Fig. 1. This process is mainly

composed of the following steps:

e Flue gas components, like NO, NHj3, O, etc. spread into the surface of the catalyst;

eThese components are adsorbed on the active sites of the catalytic surface;

eThese components, like NO, NHs, O,, etc. which are absorbed on the active sites, reacted to
N, and H,O:

eThese N, and H,O strip down from the catalytic surface;

eThese N, and H,O, striped from the catalytic surface, flow out with the mainstream gas.

Catalyst

Fig. 1 Reaction process of SCR catalyst

Catalyst preparation

The development of the SCR catalyst is the core content of SCR denitrification technology, it is
related to the denitrification efficiency and operating costs of SCR denitrification technology. In
this paper, Mn-Ce/AC catalyst was prepared by impregnation method [11].

eFirst activated carbon was crushed by the high-speed grinder, and suitable size granules were
screened by electric vibration sieve machine. The appropriate activated carbon particles to this
experiment were obtained.

eThen these activated carbon particles were put into an appropriate amount of concentrated
nitric acid, and the ambient temperature remained stable in this period.
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eSuitable Ce(NOs3)3;-6H,0 was dissolved in an amount of deionized water, and mixed with an
appropriate amount of Mn(NOs), solution. Added those activated carbon particles had been
acidulated into the liquor, kept the solution stirring on automatic mixer until one hour later.

e Activated carbon particles were dried by a muffle furnace when the stirring finished.
Subsequently, these particles were roasted in N, atmosphere with high temperature in a certain
period of time. Finally, the activated carbon catalyst loading manganese and cerium can be
obtained.

Denitrification experiment in different types of reactors

During the experiment, the actual flue gas which emissioned from power plants was replaced by
simulated flue gas was composed of NO, O, N,. The flow of each gas was regulated by the mass
flow control device. The simulated flue gas was introduced into the mixing apparatus to mixing
uniformly, and flowed into the low temperature SCR denitrification reactor. The flow chart of
experiment system by different forms was shown in Fig. 2.
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Fig. 2 Flow chart of experimental system

The temperature of flue gas within denitrification reactor was controled at 180°C,the space
velocity was adjusted to100000™, an ideal fluidized state of the catalyst particles could be achieved
in fluidized bed reactor. And the removal rate of NO in this experiment was defined as:

_ NOjn—NOgyt 0
T — X 100% (4)

Results and discussions

According to the experimental, the NO removal of fixed bed reactor was only 9.5%, while it
reached 80.3% of fluidized bed reactor at 180°C, space velocity 100000, It can be seen that the NO
removal of fluidized bed reactor is better than which of fixed bed reactor under low temperature
high space velocity experimental condition.
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The reason for this situation is that the catalyst in fluidized bed reactor has more contact areas
with reactant gas than which in fixed bed reactor, therefore, the NO removal of fluidized bed reactor
much larger than which of fixed bed reactor. The NO removal of the two different reactors was
shown in Fig. 3.
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Fig. 3 The NO removal of fixed bed reactor and fluidized bed reactor

Summary

Through the denitrification experiment at low temperature high space velocity condition in this
paper, the NO removal advantage of fluidized bed reactor is obvious. The NO removal rate of
fluidized bed reactor is nearly eight times of fixed bed reactor. This research supply reference to
development fluidized bed reactor, and offer the direction for future SCR research.
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