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Introduction 

Nitrogen oxides (NOx) is very noxious compounds that the role of photochemical smog production by sun with hydrocarbons, and main origin material of acid rain with SO2 ,caused by a pulmonary edema for the human body.  The origin source of NOx is largely divided by   stationary and mobile source, we were deal with NOx emissions from combustion of stationary source.  The process of noxious NOx control is dry and wet method. It is mainly used by applied dry process due to economic merits and second pollution.

This study was adsorption method using impregnated carbon.  Carbonaceous materials have continued to be considered an attractive, although still remote, solution to NOx control.  Until the present, deNOx technology consists of selective catalytic reduction (SCR), selective non-catalytic reduction (SNCR) because of adsorption method is relatively low deNOx efficiency.   For catalytic reduction include catalyst deactivation and high installation and maintenance cost, and non-catalytic reduction typically requires a higher and narrower operational temperature range than catalytic reduction and is also susceptible to disadvantages similar to those for catalytic reduction. Thus come out of established method , using adsorption process keeped with low electric power consumption and low installation space, developed nation is very actively being investigated as study  that improved adsorption efficiency developed to use chemical species impregnated  activated carbon with economic and large surface area, while our research level is the real state of non-activated part .  In case settled to deNOx technology of adsorption process using impregnated activated carbon, it’s reduced by 10% level of old utility to the operation cost and second waste disposal cost.  And   import replacement effect is expected.  

Theoretical Backgrounds 

Contrary to physical adsorption, impregnated activated carbon act on main effect of adsorbed amount for ionic and covalent bond by chemical adsorption.  Adsorption kinetics needs activation energy, slowly action, selectivity of adsorbed to monolayer adsorption of adsorbent with chemical reactive.  And Generalized activated carbon is reduce adsorbed amount as temperature to increases, while impregnated activated carbon is effected increased adsorbed amount  follow up temperature increases.  

The NOx level of emitted from stationary source correspond to 50-1000ppm and it’s coexisted NO and NO2.  NO2 is adsorbed with impregnated material by activated carbon, while NO is not reactive to surface of activated carbon (AC) surface.  Since this is removed  to change NO2 by oxygen functional group of AC surface, its best condition is surface state that bring with abundant oxygen contained surface and high selectivity of NO2.  Since NO is good produced kinetically and thermodynamically well by high concentration and temperature, this factor is very important in order that the deNOx function is most effective.  In good approach is to installed NO to NO2 oxidation apparatus preceding deNOx adsorber position.  For example of incinerator, AC deNOx process is applicable to waste incinerator flue gas treatment downstream of the bag filter, where the gas temperature is (200oC.  Because of the expense of reheating these gases to use conventional metallic catalysts for NOx removal, alternative lower temperature flue gas treatment processes, such as the AC process using activated carbons can also remove trace toxic compounds such as mercury and dioxins that are present in incinerator flue gas.  Anyway , because of field condition not easy to control , commerization of DeNOx adsorption technology can be possible through the appropriate manufacture of impregnated activated carbon following flue gas condition and enough performance test.

Between NOx and Potassium species alkaline impregnated AC surface, reaction mechanism could be as follows:

2NO + KnX (carbonate, hydroxide…) ( KNO3 + KNO2 + X

N2O3(NO+NO2)+K2X ( 2KNO2 + X

(n= 1,2..)

In order to regenerate of NOx adsorbed impregnated activated carbon, it’s possible to put into furnace of 600oC more.  Thus, by installing to two adsorber, known by change period, it’ possible to operate  continuous cyclic operation. 

Experimental 

Materials / surface analysis.    The used test sample is 8-16mesh granular activated carbon. (Dongyang Carbon Co.) and raw material is coconut palm.  Before the potassium component was added into pore inside, the support activated carbon were dried at 110oC for 12h and allowed to cool in a desiccator.  The potassium ions were added by incipient wet impregnation using an aqueous solution.  Then it’s used after removing moisture at 130oC.  Before and after reaction, the samples were characterized by Thermogravimetric analyzer (TGA), X-ray diffraction (XRD), BET surface area and pore distribution, and Elemental organic analyzer (EOA), Inductively coupled plasma atomic emission spectrometer (ICP-AES), Scanning electron microscopy with energy dispersive analysis (SEM-EDAX) of the potassium distribution, X-ray photoelectron spectroscopy (XPS) for discovering the importance of the potassium species treatment and useful in charactering the adsorbed NOx species.   

BET surface area and porosity measurements indicate that the addition of the potassium component does not significantly modify the values with respect to the corresponding support pellets.  The uniformity of the potassium ion distribution within the AC was verified via SEM-EDAX analysis, and characterization the compositions of the sorbent surfaces before and after addition of the potassium species and NOx exposure was verified via XPS.

Apparatus and Procedure.     The experimental apparatus is shown in fig. 1.  we made a apparatus for Various kinds of noxious gas treatment using fixed-bed adsorber.  Two adsorption column have 316 stainless steel tube material, 10.9mm I.D, 40cm long, (130mg sample, (300mm bed depth but possible for change to various material, size in accordance with reactant and reaction condition .  The inside of column has ceramic wool and steel mesh  for support rule to sample and restraint to channeling phenomenon.  Temperature control of adsorber were electric furnace to located the outside of column.  In case of process line is controlled by heat band.  Each temperatures during tests were monitored with a type-K thermocouple (omega Engineering Inc.) inserted into each bed.  Preliminary tests showed that minimal temperature gradients were obtained for the experimental flow rates and temperatures used when the beds were placed in the middle section of adsorber.  Certified gas cylinder mixtures of NO (2%) in N2, NO2 (5000ppm) in N2 were diluted to desired concentration (100-1000ppm NO, NO2).  Flow controlled through mass flow controller (Brooks Co.).  For good mixing before column installed static in-line mixer.  Gas flowing out of the columns could be switched to flow measuring devices or to gas-sampling solenoid valves for subsequent NOx analysis.  Chemiluminescent detection of  column inlet and outlet NO and NO2 concentration was performed using a NOx analyzer (Termo Environmental Instruments. Inc., model 42C, Franklin, MA).  The NOx analyzer was calibrated using certified gas cylinders of NO 800ppm.  After reaction , sample was removed  the inside of column, then removed to remained NOx inside line using Helium at 150oC or more.
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Fig. 1 . Schematic diagram of experimental apparatus

Results  and Discussion

The NOx-potassium impregnated activated carbon reation was studied with a fixed-bed flow reactor at atomospheric pressure in Four types of experiment ; isothermal reaction at 30-200oC,  liner velocity 10-40cm/sec.  NOx concentration at 100-1000ppm, comparison to non-impregnated activated carbon.   Analysis carried out  NOx reading for breakthrough curve and various surface charaterization test.    

The result may be summarized as follow:  NO2 adsorption is well adsorbed on impregnated activated carbon, while NO adsorption performance relatively low.  As the results are shown in fig. 2(4, adsorbed amount of NOx increases with higher temperature and slower linear velocity.  The potassium remaining in the activated carbons act as a catalyst for the NOx-AC reaction. The reduction of NO by the potassium species impregnated activated carbon was enhanced by the presence of oxygen.  The main factor  of adsorbed amount on surface for chemisorption NOx-surface reaction was found micropore diffusion 
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