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Introduction 
  The technologies of NOx removal have been developed through efforts of many researchers.  However, since NOx is very difficult to control, a perfect process has not yet been discovered.  The most widely known commercial process is selective catalytic reduction (SCR) process.  SCR process has high removal efficiency of NOx.  However, with the introduction of issues such as catalyst poison, deactivation of catalyst due to presence of oxygen, non-reacted reductant emissions and economic inefficiency, researches on ways to resolve such issues are actively under progress.  The possibility of removing harmful gas using carbon materials during adsorption process has been examined due to the unique characteristic of carbon materials themselves.  As a result, it was induced that if alkali metal hydroxide is impregnated in carbon material, the effect of controlling NOx is maximized.  In particular, potassium hydroxide (KOH) used as impregnant in this study has positioned itself as one of the promising chemical substances to increase removal efficiency of NOx by enhancing selective adsorptivity of NOx.  Here, the reason for the increase in removal efficiency of NOx caused by the changes in the surface functional group due to impregnation of KOH and effect of catalytic action.  Therefore, the information on modification of surface chemistry due to adsorption of NOx can be regarded extremely significant in understanding the adsorption reaction.  However, obvious examination of the selective adsorption behavior and surface chemistry caused by NOx adsorption on the surface of activated carbon has not yet been made.

Experimental 

    The adsorbent was prepared by impregnating a KOH (Junsei Chemical Co.) solution into GAC obtained from coconut shell (Dongyang Carbon Co.).  GAC was sieved through a 8/16 mesh and treated with N2 flowing for 1 h at 110 oC, and then for 4 h at 413K.  Next the treated GAC was dried at 110 oC.  KOH was impregnated in an aqueous solution state in the GAC via incipient wet impregnation.  500-ml glass-stoppered flask by mixing 15 g of GAC with a 10 M KOH solution.  The flask was immersed in a constant-temperature shaker bath, with a shaker speed of 100 rpm.  The mixing was performed at 85 oC and lasted for 3 h.  After mixing, the GAC slurry was subjected to vacuum drying at 110 oC.  Thereafter, the sample was filtered, washed with distilled water and dried at 130 oC.  The KOH impregnated sample was activated in a stainless steel column placed in a vertical furnace under a stream of purified N2, with a flow rate of 100 ml/min.  Manufactured K-IAC was stored in a desiccator from common airborne moisture and contaminants to prevent adsorbent function reduction.  The fixed bed adsorption column was a 316 stainless steel tube, with an inside diameter of 10.9 mm, and 400 mm length.  Inside the columns, steel mesh was placed in the upper and lower extremities of adsorbent to support the samples and minimize channeling phenomenon.  The temperature of the column was maintained with an electric furnace located at its outer wall.  For the system line, temperature was maintained by using a heat band and heat insulating material and was regulated with a PID temperature controller.  The temperature was measured by connecting K-type thermocouple (Omega Engineering Inc.) located inside the line and connected to a recorder.  Certified 2% NO/N2 and 5000 ppm NO2/N2 were diluted to desired concentration range via a mass flow controller (Brooks Co., Model 5280E).  In the fore end of the adsorption column, an in-line static mixer was installed to facilitate mixing.  Concentrations of NO and NO2 that exhausted from the bypass line and adsorption column were analyzed by using a chemiluminescent NOx analyzer (Thermo Environmental Instruments Inc., Model 42C).  Daily NOx analyzer calibrations were performed with N2 (zero value) and NO and NO2 gases certified by manufacturer analysis having a concentration of near 80% of analyzer full-scale range (span value).  During the adsorption experiment, analysis on column outlet concentrations of NO, NO2, and NOx is controlled with software (Thermo Environmental Instruments Inc.). Analytical data are captured every minute and read into a computer.  For all experiments, 1.067 g of K-IAC (or equivalent to 2 cm of bed depth) is packed into the column, and conditions for adsorption are set as follows: concentrations of 146-1014 ppm, linear velocity of 10.6-32.5 cm/sec, and temperature of 30-130 oC.  To purge impurities from the system line before an adsorption is made it is flowed with He for 30 min at the flow rate of 500 ml/min at 200 (C.  Then, the temperature is reset to experimental condition, and the column is packed with adsorbent and re-purged with He for 10 min.  Then, the zero value of NOx analyzer is checked before proceeding with the experiment.  

Before and after adsorption, surface analysis was performed for samples by utilizing SEM, XRD, AES, static type ToF-SIMS and XPS. SEM was applied for analysis of the morphology of the K-IAC. The XRD 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 o per minute.  The AES sputter depth profile were recorded using the following experimental conditions: primary beam energy Ep = 10 keV, primary beam current Ip= 0.0099 (A and beam diameter (0.4(m.  The resolution of the cylindrical mirror analyzer was set to 0.6%.  The argon ion beam, with an ion energy of 1.5 keV and a current density of 0.6 (Am2, was produced by a differentially pumped ion gun.  ToF-SIMS sputter depth profile was carried out using a system equipped with a two-stage reflectron-type analyzer.  A low dose and pulsed Cs+ primary ion beam, whose impact energy was 10keV, was employed.  The spectrometer was run at an operating pressure of 10-9 mbar.  The primary ion beam was directed on a square area of 50 (m(50 (m.  The system was operated in high sensitivity mode with a pulse width of 50 ns, and with a beam current of 0.5 nA, resulting in a primary ion dose of approximately 4(1011 ions cm-2 analysis-1.  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

    K-IAC was confirmed that adsorption was mostly due to chemical reaction.  The adsorptivity of K-IAC was three and half times higher than that of GAC.  NO2 is adsorbed by reaction with impregnated KOH, and then NO is generated because of it.  In 403K that is established in experimental condition, good adsorptivity is expected because existence of H2O and HNO3 that may be prevented the side reaction and chemisorption of oxygen is relatively well done.  When oxygen exists, this NO was adsorbed as NO2 by oxygen that was chemisorbed in the atomic state on KIAC and increased adsorptivity. According to the result of observing the relative ratio of NO and NO2 produced, the lower the concentration is during the 300 min of reaction time, NO was occupied larger part of the production area and the rate of adsorption was delayed.  The results of surface characterization (Figure 1), with mutually complementary interpretation, supported the surface chemistry distribution of adsorbed NO2- or NO3- species and OH- that act as the selective adsorption site due to NOx adsorption.  Selective adsorption site that was composed as KOH can be explained as a phenomenon in which NO2- and NO3- produce crystals of KNO2 and KNO3 by K+ and increase in surface distribution.  The basic surface OH- ions that was well developed on the surface due to impregnation of KOH to K-IAC showed high selectivity with NO2 and improved adsorptivity by leading basic character on K-IAC and delaying rate of oxidation from KNO2 to KNO3.  In addition, K+ by NO2 adsorption played a catalyst role that adsorbs crystals of KNO2 and KNO3 that are ionic compounds to surface.
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Figure 1. Wide and narrow scans of X-ray Photoelectron Spectrometry for NOx adsorbed 

               chemically-treated activated  carbon.
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