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Abstract

Simultaneous removal technologies of multi-pollutants such as particulate matters (PMs), NOx, SOx, VOCs and ammonia have
received consistent attention due to the enhancement of pollutant abatement efficiency in addition to the stringent environmental
regulation and emission standard. Pretreatment of insoluble NO by an ozone oxidation can be considered to be more effective route
for saving space occupation as well as operation cost in comparison with that of traditional selective catalytic reduction (SCR)
process. Moreover the primary advantage of ozone oxidation process is that the simultaneous removal with acidic gas including
SOx is also available. Herein, we highlight recent studies of multi-pollutant abatement via ozone oxidation process and the promis-
ing research topics for better application in industrial sectors.
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Table 1. Advantages and Disadvantages of Several DeNOx Technologies

Types Advantages Disadvantages

v' Simultaneous removal of gaseous NOx, SOx and particulate
matters

v Relatively lower operation temperature

v' Lower pressure drop in processes

v’ Relatively smaller foot-print

v Complex instrument required
v’ High power consumption for ozone generation
v’ Relatively higher capital cost

Ozone-based
gas-phase AOP

v . g : = 0,
Suitable for large-scale NOx reduction -up to 90% v Unreacted ammonia might slip through the SCR catalyst due to

SCR v' Can be utilized in a wide range of systems including industrial s 2
. .. over-injection (ammonia slip)
(Selective and municipal plants v' The catalyst required for the reduction is expensive to replace
Catalytic v Can be used in addition to Diesel particulate filters (DPFs) to Y d S P °p
. . o . . v’ The catalysts are prone to contamination by compounds in the
Reduction) reduce particulate matter emissions in diesel engines .
S . combustion gas
v’ The set-up is simple to install
v' Requires a narrow range of temperatures for effective NOx
v The set-up is simple to install duir g P
NCR . . . reduction
. v’ Relatively lower capital and operating costs compared to SCR . .
(Selective . v' Not suitable for large-scale NOx reduction
. v/ Saves costs on expensive replacement of catalysts . . . L
Non-Catalytic . . . . v Retrofitting of components in smaller boiler units is difficult due
. v’ Retrofitting of components in large-scale boiler units is . . . .
Reduction) to space considerations for installing the components

relatively easy, incurring little downtime o . . o
vely easy, ineurring v/ Prone to ammonia slip which leads to accidental NOx emissions
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Table 2. Basic Properties of Nitrogen Oxides[4,7]
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Properties N,O NO NO, N,Os
Color Colorless Colorless Red-brown White powder
Solubility in water (g/dm®) 0.111 0.032 213 500
State of matter (@ ambient temperature) Gas Gas Gas Solid
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Figure 2. (a) The decomposition of ozone at increasing gas tempera-

ture.

(b) NOx reduction rate at various temperature.
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Figure 3. (a) The proposed process diagram for the simultaneous removal of NO and SO, from marine exhaust gas by ozone injection combined with
in-situ wet scrubbing oxidant solution. (b) The effects of wet scrubbing on

outlet Os; concentrations with inlet flue gas temperature of 250 C[16].
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