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Introduction 
The presence of oxygen in adsorbate was pointed out as a critical factor in increasing adsorptivity.  The fact that the presence of oxygen is one of the biggest variables to decide adsorptivity spurred interest in the introduction of impregnated activated carbon as NOx abatement technology, for an excess of oxygen exists in most NOx-emitted processes including incinerators.  However, when it comes to impregnated activated carbon, there is no clear-cut interpretation on the behavior of NO and NO2 in the presence of oxygen.  To tackle such bottleneck, a concrete understanding of surface chemistry should precede.  The purpose of a scale up design in this paper, which is additionally dealt, is to predict adsorption capacity and to collect results, so as to present a way to determine the scale of adsorber according to packed amount and replacement cycle of adsorbents based on an easy design in the field.  The adsorption process is known to be the most efficient process to abate gas phase mixtures. However, if the process is not designed appropriately, it can be costly.  In particular, NOx adsorption on impregnated activated carbon is mostly chemisorption accompanying catalysis rather than physisorption.  Moreover, its concrete mechanism is not defined yet.  Therefore, NOx adsorption on impregnated activated carbon cannot apply to the simulation of adsorber for general separation and purification process.  Also information regarding the design method is very insufficient.  Under such circumstances, this study conducted breakthrough experiments depending on the presence of oxygen and the bed depth of adsorbent, defined surface changes from the adsorption of NOx, and calculated packed amount of adsorbent for the 6-month long abatement of NOx in a scale up condition by using simple adsorber design.

Experimental 

The adsorbent was prepared by impregnating a KOH (Junsei Chemical Co.) solution into granular activated carbon (GAC) obtained from coconut shell (Dongyang Carbon Co.).  GAC was divided into a sieve fraction 8/16 mesh, treated with flowing N2 for four hours at 140oC.  After that, it was dried at 110oC and cooled in a desiccator.  KOH was impregnated at an aqueous solution state in the GAC with a method of incipient wet impregnation, and was in use after it was dehydrated at 130oC.  Manufactured K-IAC was kept in a sealed container to prevent itself from reducing its life in the adsorption of moisture in the air and impurity around.  At this time, cautions were taken to impregnation, drying, and storage of adsorbent because the processes have great influence on adsorption capacity.  Through atomic absorption spectroscopy (AAS) analysis, potassium loading of K-IAC was confirmed to be 9.96wt. %.

Material of fixed bed adsorption column was 316 stainless steel tube, and its inside diameter was 1.9cm, and its length was 40cm.  Inside columns, steel mesh was packed in the upper and lower sides of adsorbent to support sample and minimize channeling phenomenon.  Temperature of the column was maintained with electric furnace that was located its outer wall.  In the case of the system line, temperature was maintained by using heat band and heat insulating material and was adjusted by PID temperature controller.  The temperature was measured by connecting K-type thermocouple (Omega Engineering Inc.) that was put inside line and column to a recorder.  Each certified gas cylinder for 5000ppm NO2/N2 was diluted to desirable concentration range in air and N2 through mass flow controller (Brooks Co., Model 5280E).  In the front part of the adsorption column, in-line static mixer was installed to facilitate mixing.  Concentration of NO and NO2 that exhaust from bypass line and adsorption column was analyzed by using a chemiluminescent NOx analyzer (Thermo Environmental Instruments Inc., Model 42C).  Before and after adsorption experiment, remaining NOx in line was always eliminated by purging at 200oC for 30 minutes by using a vacuum pump installed in the NOx analyzer and He.  Detailed conditions of experiment are indicated in Table 1.

Before and after adsorption, surface analysis was performed for samples by using XRD and XPS.  The XRD(Rigaku D/MAX-III A) was used to investigate the inorganic components of the K-IAC.  X-ray patterns were recorded in the scan range 2( = 5(90o, at a scan rate of 0.1 oper minute.  The XPS(SSI, 2803-S) was utilized to characterize the chemical states of the K-IAC.  Samples were mounted on 1cm diameter stubs using double-sided adhesive tape, admitted to the instrument and pumped to vacuum levels of < 10-8 Torr before recording spectra, Mg K( radiation and analyzer slit widths of 0.4cm were used throughout.  Survey spectra were recorded using analyzer pass energy of 50eV, while peaks selected for high resolution study were measured under optimum resolution conditions with 20eV pass energy. Data collection was accomplished using a computer interfaced, digital pulse-counting circuit followed by smoothing using digital filtering techniques.  Correction for sample charging effects were made by taking the binding energy of the C1s peak to be 284.3eV, with reference to the Fermi level.  Samples to be studied without atmospheric contact were transferred to the instrument in a dry N2 atmosphere.

Results  and Discussion

This study compared adsorption capacity through the adsorption breakthrough experiments of NO and NO2 depending on the presence of oxygen using K-IAC. The interpretation of the study was made in connection with surface chemistry. Also simple adsorber design method was used to calculate packed amount of adsorbent required for long duration at a pilot scale. The experiment on the adsorption capacity of NO and NO2 depending on the presence of oxygen showed the highest adsorption capacity in NO2/Air followed by NO2/N2, NO/Air and NO/N2 (fig. 1-2).  The reason why the adsorption efficiency was the highest in NO2/Air is because NO2 in the presence of O2 gets to react with OH- ion, which is a selective adsorption site on the surface well developed with KOH, and produces NO. This NO does not exit the adsorber and is oxidized into NO2 by the chemisorbed oxygen in an atomic state on the surface. Then it is adsorbed as KNO3 crystal by K+ on the surface (fig. 3). Therefore, potassium seems to play a role as catalyst. This process repeats and brings about increased adsorption efficiency. Accordingly, NO2/Air has more opportunity for adsorption than NO2/N2 thanks to the presence of the surface oxygen. With regard to NO/Air, a rapid breakthrough took place due to low adsorptivity in the initial step. With time passed, more oxygen was chemisorbed on K-IAC. This raised probability that considerable amount of NO is oxidized into NO2 and then adsorbed as KNO3, thereby delaying the breakthrough time. In the case of NO/N2, K-IAC was useless as adsorbent. These results confirmed that in order to maximize adsorption capacity of K-IAC, NO should be oxidized into NO2 to the maximum extent in the previous stage of adsorber or air should be blown in to induce chemisorption of oxygen on the surface. According to the results of the experiment on the bed height of K-IAC, as the bed depth got deeper, contact time gets longer thereby increasing the frequency of collision between adsorbent and adsorbate. This greatly delayed the breakthrough time of NO and NO2 to subsequently increase adsorptivity. Therefore NOx is adsorbed on K-IAC as KNO3 crystal which was revealed form characterization of samples on the surface. Also produced concurrently was NO, which acted as a cause for increased adsorptivity as oxygen concentration and contact time increase.  Calculation of packed amount treatable for 6 months was based on the simple design in a scale up condition (fig. 4). The calculation confirmed the result that the adsorption efficiency was the highest in NO2/Air in which NO2 was adsorbed in the presence of O2. Thus, the use of impregnated activated carbon can be minimized when NO2 is adsorbed in the presence of O2. Judging from adsorptivity difference based on the results of NO2/Air & NO2/N2 and NO2/N2 & NO/Air, NO2 adsorption on the surface is thought to be faster than chemisorptions of oxygen according to the condition of the experiment.

  In conclusion, in the process where considerable amount of O2 exists, impregnated activated carbon can act as the adsorbent that further enhances its original property of removing NOx. Therefore, it is expected that the application of impregnated activated carbon to various industry fields with NOx emissions.
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 Fig. 1. Effect of oxygen for NOx adsorbed         Fig. 2. Breakthrough curves of NO and 

at 130oC for : (a) NO2/N2 and (b) NO2/Air.         NO2 depending on the presence of oxygen. 
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Fig. 3. X-ray diffraction patterns of K-IAC        Fig. 4. Packed amount of K-IAC for the

: (a) non-adsorbed and (b) 150ppm NOx /Air      treatment of 6 months in fixed bed  

adsorbed.                                                             by simple adsorber design.
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