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Introduction 
The most representative air pollutant emitted during burning of fossil fuels that are used as major energy sources in the modern industrial society, would be sulfur oxides, which is emitted in the form of SO2.  Therefore, SO2 is known to be an inevitable air pollutant that threatens the life of the human race at close.  Most of SO2 is produced by combining with oxygen in air when the sulfur content of fuel is burning, and is emitted into the air. Oxidized sulfur content first becomes SO2 and further oxidation makes it SO3, all of which are called sulfur oxides, represented as SOx.  The method of controlling SO2 being used the most at present would be wet scrubber.  Wet scrubber has high removal efficiency but its costs for installation and operation are high and are known to have problem of disposing wastewater that contains air-polluting gas that produces secondary pollutants.  On the other hand, fixed bed adsorber used in this study has such strong points of having simple design, taking smaller space, being easily inserted by connecting to the bypass line of the existing process, consuming less energy and not creating secondary pollution.  Activated carbon used mainly as adsorbent to be packed on adsorber is widely used because of its high affinity of adsorption of many low-concentration harmful gases due to its large surface area, intricate pore structure and hydrophobic feature.  As the materials for activated carbon, woods, such as wood chip and coconut shell, and coals such as peat, lignite, and bituminous are being used.  In this study, activated carbon using a wooden material of coconut shell has been used.  The method of using activated carbon to remove sulfur oxides from the emission gas has been known from long ago and researches in this field continue by a number of researchers.  To summarize the results of the previous studies, it is adsorbed in the form of SO3 in SO2-O2 atmosphere, and in the form of oxidized H2SO4 in SO2-O2-H2O atmosphere.  It is reported that at that time, if O2 and H2O are contained, they act as a factor that increases SO2 adsorption rate by activated carbon.  In relation to studies on SO2 adsorption by activated carbon, Davini reported that pyronic or other surface basic groups with similar structure as that of pyronic present in activated carbon greatly enhances SO2 adsorption. It was suggested that the amount strongly adsorbed is affected by chemical features of the basic group.  Based on these factors, studies on removing acid gas, such as SO2, by converting the surface of activated carbon into basic character through impregnation of chemical substances in the alkali metal hydroxide group recently are gaining much attention.  In this study, KOH was selected as the chemical substance impregnated on the activated carbon.  KOH is an impregnant known to have excellent selective adsorption capacity of acid gas.  However, the number of publications on activated carbon produced by such chemical activation is still quite few, and in particular, lacks in those related to SO2 behavior on impregnated activated carbon and surface chemistry.  Guo and Lua emphasized the surface chemistry of adsorbent in determining adsorption capacity using KOH impregnated activated carbon (KOH).  Other researchers also stressed the importance of surface chemistry in dealing with adsorptivity of impregnated activated carbon.  In conducting the study on adsorptive feature of SO2 with K-IAC, the objectivity was set on investigating adsorption behaviors of SO2 according to function of impregnants, linear velocity, temperature and concentration and on looking into features of surface chemistry before and after adsorption, in order to confirm selective adsorptivity of K-IAC for SO2 in fixed bed adsorption column. 

Experimental 

As the adsorbent, commercial granular activated carbon (GAC, Dongyang carbon Co.) made with coconut shell was used and as the impregnated chemical substance, KOH was used.  GAC was separated with sieve fraction 8/16 mesh, washed with distilled water, treated at 383K for one hour in a flow of N2, and again at 413K for 4 hours, then dried and removed of impurities.  As for the impregnation process, incipient wet impregnation was used. KOH solution was prepared, to which GAC was added and mixed, and was removed of moisture through rotary vacuum evaporator at 85oC for 3 hours.  K-IAC was again filtrated and dried for 24 hours, then was treated at 403K for one hour in a flow of N2, and kept in dessiccator.  Manufactured K-IAC was kept in a sealed container in order to prevent from reducing its lifetime caused by moisture in air or adsorption of other foreign substances.  Fig. 1 illustrates the diagram of fixed bed adsorption equipment used in this study. As fixed bed adsorption column, tube material of 316 stainless steel, inside diameter
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Fig. 1. Schematic diagram of experimental system

of 10.9mm, length of 400mm was used. Inside the column, steel mesh was charged in order to minimize channeling and sustain adsorbent. The temperature of the column maintained isothermal condition by the electric furnace located outer wall of the column. Process line was made to maintain isothermal condition and preheating of the gas using heat band and lagging materials, which was adjusted by PID temperature controller. Temperature was measured by connecting in the recorder to K-type thermocouple inserted into the line and column. 2% of SO2 with N2 as balance gas was used as reaction gas adsorbate by diluting its concentration to the level desired through mass flow controller (Brooks Co.).  At the front of the column, static in-line mixer was installed to make mixing process smooth. The density of SO2 emitting bypass line and adsorption column was analyzed using gas analyzer. Before and after every adsorption test, SO2 and O2 remaining inside the line were removed by purging them for 30 minutes at 473K using He. 

Results  and Discussion

Adsorption features of SO2 were studied with K-IAC.  In order to confirm selective adsorptivity of K-IAC for SO2 using fixed bed adsorption column, experiments were conducted on the effects of the impregnant (fig. 2) and of linear velocity, temperature (fig. 3), and concentration.  Also the changes in features before and after adsorption were observed using FT-IR (fig. 4), XRD, ToF-SIMS, and AES/SAM (fig. 5), looking into the surface chemistry.  The result of the experiment showed high adsorptivity of K-IAC in adsorbing SO2 on activated carbon.  The adsorbed amount of SO2 increased as linear velocity and density increased, and as temperature decreased. The reaction mechanism following SO2 adsorption to K-IAC can be divided into two, depending on the temperature. However, in both cases, potassium sulfate (K2SO4) was formed on the surface by adsorption.  The basic feature given to the surface of activated carbon by KOH was confirmed to be acting as the main factor in strengthening SO2 adsorptivity. 
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Fig. 2 Breakthrough curve of SO2 comparing      Fig. 3 Breakthrough curve with different 

 K-IAC and GAC.                                                reaction temperature.
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Fig. 4. FT-IR spectra that measured K-IAC        Fig. 5. AES montage display obtained from 
with 3 hours of adsorption of (a) non-adsorbed    SO2 adsorbed K-IAC.
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