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Introduction 
Many reviews containing the works of other researchers state that if O2 and H2O exist in general activated carbon (GAC) are progressed.  However, besides the few number of literatures reporting reaction mechanism in what happens on the surface when adsorbing SO2 using impregnated activated carbon with modified surface to provide chemical activation, clear examination on this has not been made.  

Experimental 

Adsorption characteristics of SO2 were studied with KOH-impregnated granular activated carbon (K-IAC).  The K-IAC is manufactured by wetness impregnation method. The fixed bed adsorption system used in this experiment is shown in Figure 1.  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 


[image: image1.wmf]Temperature controller & recorder

Furnace

Column 1

P

P

Column 2

T

SO

2

 analyzer

Computer

Thermal insulation

with heat band

Electric wire

N

2

SO

2

Air

 Trap

R

In-line static mixer

He

P

T

P

Mass flow controller

MFC read-out box

Vent


Figure 1. Experimental set-up for SO2 adsorption.

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.  Each certified 2% SO2/N2 was diluted to desired concentration 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.  Concentration of SO2 that exhausted from the bypass line and adsorption column was analyzed by using a flue gas analyzer (Eurotron Instruments S.p.A., GreenLine Mk II).  Daily SO2 analyzer calibrations were performed with N2 (zero value) and SO2 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 concentration of SO2, is controlled with software (Eurotron Instruments S.p.A.).  Analytical data are captured every minute and read into a computer, generating 180 analytical values from every of 3 h long experiment.  For all experiments, K-IAC of 1.067g (or equivalent to 2 cm of bed depth) is used, and conditions for adsorption are set as follows: concentrations of 163-1014 ppm, linear velocity of 10.014-29.563 cm/sec, and temperature of 303-473K.  The column is packed with adsorbent and purged with He at 403K for 10 min.  Then, the zero value of SO2 analyzer is checked before proceeding with the experiment.  After adsorption experiment, remaining SO2 in line was always removed by purging He at 473K for 30 min.  The specific surface area and pore volume of GAC and K-IAC were obtained via an automatic volumetric sorption analyzer (Quantachrome, Autosorb 1) using N2 adsorption at 77 K.  Prior to the measurements, the sample was outgassed at 473 K under a N2 flow for at least 3 h.  The BET surface area of the samples was calculated from the N2 adsorption isotherm by assuming the area of a N2 molecule to be 0.162 nm2.  The t-plot method was applied to calculate the micropore volume.  Micropore volume was estimated to be the liquid volume of N2 at a relative pressure of 0.993.  Before and after adsorption, surface chemical analysis was performed for samples by utilizing FTIR (Brucker IFS 45), XRD (PW-1830, Philips), static type ToF-SIMS (Perkin-Elmer, PHI Model 700 ToF-SIMS/SALI) and AES/SAM (Perkin-Elmer, PHI Model 670).  Time-of-Flight Secondary Ion Mass Spectrometry (ToF-SIMS) analysis was carried out using a system equipped with a two-stage reflectron-type analyzer.  A low dose and pulsed Cs+ primary ion beam, with an impact energy of 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.  SIMS spectra were acquired over a mass range of m/z = 1-100 in negative modes.   The Auger Electron Spectroscopy (AES) survey scan and 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.  The sputter profiles were analysed using the software package PC PHI-MATLAB.  In this analysis, AES was used quantitatively to help determine the chemical state of potassium (K), oxygen (O), carbon (C) and sulfur (S) on the K-IAC.  Scanning Auger-electron Microscopy (SAM) was applied for the morphology analysis of the K-IAC.

Results  and Discussion

Since chemisorption is dominant rather than physisorption in K-IAC, it can be considered that higher temperature is expected for good adsorptivity in order for SO2 to overcome the activation barrier to heighten collision fraction of sufficient collision energy to react with potassium.  However, in this experiment, the adsorptivity decreased as the temperature increased.  With regards to the difference in adsorptivity according to temperature, the following reactions can be expected to take place between K-IAC and SO2.

For lower temperature: 

1. H2O produced by the reaction between KOH and SO2 on the surface of K-IAC becomes adsorbed on the surface, reacting with SO2 and O2 to create H2SO4, and H2SO4 reacts with KOH to form K2SO4, a stable oxide crystal.  It is a H2SO4 property that since decomposition takes place once the temperature reaches 603 K, most of H2SO4 remains on the surface at low temperature and SO2 is more soluble to H2SO4 at low temperature, and therefore, the reaction between KOH and H2SO4 is considered to be superior to the direct reaction between KOH and SO2.   

2. The equilibrium yield of SO3 by reaction of SO2 and O2 increases with decreasing temperature.  Therefore, oxidation from SO2 to SO3 will be facilitated.

3.  Since, research reports reveal, physisorption takes place easily on the activated carbon at low temperature, at the same time as chemisorption forming K2SO4 by K-IAC, physisorption is expected to take place at the same time with chemisorption.  

    Thus, at low temperature, it is considered that the following reaction mechanism will be dominant.  The reaction between KOH and SO2 induces production of K2SO3 and H2O.  H2O that remains on the surface easily is converted into H2SO4 by SO2 and O2 introduced.  Then, with the reaction between 2mol of KOH, K2SO4 is formed, simultaneously producing 2mol of H2O, creating repetitive reaction. 

   In comparison with this, for high temperature from 373K to 473K: 

1. H2O produced by reaction between KOH and SO2 does not stay on the surface and vaporizes; it is expected that oxidation into K2SO4 by adsorption of SO2 following reaction between KOH and SO2 will take place, which is contrary to low temperature cases. 

2. Even if H2O is present, SO2 does not proceed well to H2SO4 since its solubility for H2O at high temperature is low.

3. However, since chemisorption of oxygen takes place easily on the surface of activated carbon at high temperature, oxidation into K2SO4 is facilitated, and the O2 byproduct makes SO oxidation easy, contributing to re-adsorption at another adsorption site, it can be considered that adsorptivity will not show large variences from that in low temperature.  

  The reaction mechanism superior at higher temperature is as follows: At high temperature, there is no source for H2SO4 production, forming K2SO3 with 2mol of KOH and 1 mol of SO2, then again through 2 mol of SO2, taking up the selective adsorption site of K-IAC in the stable K2SO4, emitting SO and O2 at the same time. 

     In conclusion, it can be explained that depending on the temperature, two reaction mechanisms occur competitively, bringing about differences in adsorptivity and the basic feature given to the surface of activated carbon by KOH impregnation was confirmed to be acting as the main factor in enhancing SO2 adsorptivity. 
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