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Summaries  

We judge that alkaline activated carbon holds high research value since it possesses numerous 
advantages as shown below. 
First, simultaneous adsorption of SO2 and NOx using alkaline activated carbon in comparison with 
general activated carbon are distinguished as follows:     
1. Problem for the process that simultaneously removes SO2 and NOx using general activated carbon is 
that if NH3 is added when there is high concentration of SO2 in the combustion flue gas, it reacts with 
SO2 and produces ammonium salt, which leads to consumption of NH3, and unable to result in 
effective removal of NOx.  Accordingly, only the addition of NH3 to waste gas that contains low 
concentration of SO2 will result in the most favorable performance and enhance the deNOx while 
consuming small amount of NH3.  However, controlling the concentration of SO2 that is brought in as 
adsorber is not easy in the actual field application.  Furthermore, addition of NH3, which is essential, is 
becoming a cause that induces secondary pollution.     
2. A great progress has been made by many researchers to date on the subject of adsorption of organic 
compounds, which are formed of weak acidity, weak basicity and neutrality, using general activated 
carbon.  In particular, a significant progress has already been made on commercial technology for 
treating volatile organic compounds.  However, treatment of various gases in the inorganic compound 
group with strong acidity and strong basicity, including NOx, SO2, HCl and offensive odor types (H2S, 
NH3), with general activated carbon fails to exhibit proper adsorption capacity, thus, inadequate for 
commercial application in terms of removal efficiency.  Since separate addition of H2O, a reducing 
agent like NH3, is needed to enhance removal efficiency, the multi-use application is limited.  This has 
been widely known through numerous literatures.  Therefore, alkaline activated carbon, which 
provides selective adsorptivity for toxic gases by enabling chemical activation on the general activated 
carbon to supplement the weakness of general activated carbon, has attracted major attention in recent 
years.  Our group, also, starting several years ago, began to manufacture alkaline activated carbons, 
applied to the acidic gas of inorganic compounds and succeeded in achieving high adsorptivity 
compared to general activated carbon, and continues to make efforts for establishment of optimal 
conditions.  With regard to SO2 and NOx studied in the following literatures, the research attempted 
simultaneous adsorption after ample experience in single component adsorption. 
3. Alkaline activated carbon can carry out simultaneous adsorption of various gases depending on 
acid/base of the adsorbate, as well as characteristics of functional groups that exist on the surface that 
is modified by the impregnant.  
4.  General activated carbon is expected to display greater adsorptivity in the moving bed adsorber 
than in the fixed bed adsorber; however, alkaline activated carbon can use the fixed bed absorber, 
which requires a relatively simple design and auxiliary facilities.   
 

In addition, utilization of alkaline activated carbon holds the following advantages over the 
materials/processes currently in commercial use.   
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1. SCR catalyst, which is the most widely applied catalyst for commercial use today for controlling 
NOx, also requires a reducing agent, is expensive, and requires much energy cost for maintaining high 
temperature.  In addition, there still exists the issue of regeneration.    
2. Although wet alkali absorption is used often in the case of SO2 control, this process is also known to 
accompany the issues of cost and serious secondary pollution.             
3. With regard to treatment process such as incinerator, which treats SO2/NOx that are emitted in high 
concentration, if alkaline activated carbon adsorber is put into use in combination with the existing 
process rather than replacing the existing process altogether, we can expect significant reduction in 
cost for such as catalyst, secondary pollution treatment and energy loss.  
4. Fixed bed adsorber packed with alkaline activated carbon exhibits good adsorption capacity 
between 373-473K, where no cooling or heating apparatus is needed, for combustion flue gas. 
Moreover, it is desorbed in temperature below 700K, which is lower compared to other processes, and 
can be regenerated.   In particular, alkaline activated carbon is not deactivated by O2, which stands out 
as the biggest problem for today’s commercial catalysts, but rather, it brings forth an increase in 
activity.     Furthermore, it does not require addition of reducing agent and costs considerably less.  
With low energy consumption and no use of expensive catalyst, it is known that operating expenses 
and secondary waste treatment expenses can be reduced to one-tenth of those for the existing facility.   
5. Alkaline activated carbon can save energy cost since adsorption and desorption temperatures are 
lower than other commercial processes, and active carbon used in the research, as well as KOH, an 
impregnant, also belong in the group of low cost chemicals.  And since we chose the wet impregnation 
method under 373K for manufacturing alkaline activated carbon, the cost for manufacturing was 
significantly lower than the existing commercial catalysts.   Furthermore, compared to SCR catalyst 
that is relatively difficult to regenerate, alkaline activated carbon can be put into wide use, such as for 
air purification filter, gas mask and treatment of combustion flue gas if proper desorption conditions 
and regeneration method can be established (research is currently in progress and have produced 
optimistic results.)    
6. Additionally, the results on desorption and regeneration is as follows. Temperature of optimum 
regeneration is 600-700K.  This temperature range is lower than commocial catalyst.  As a result of 
EPMA/EDS and ToF-SIMS, it was confirmed that potassium after desorption of KOH-IAC adsorbed 
NOx remain without loss in surface.  The desorption depends significantly on the composition of the 
impregnant and the nature of the reacting carbon.  The major factors that influence the rates of 
desorption with K-IAC are “The concentration of impregnant on the carbon surface”, “The 
crystallinity and the structure of the carbon” and “ The diffusion of reactive gases to selective 
adsorption sites”.  Thus, regeneration of alkaline (KOH impregnated ) activated carbon.        
 
Results and Discussion 
Figure 1 shows the process involving several steps, as expected, from the manufacture of alkaline-AC 
to adsorption of NO2, which manifests electrochemical status of the surface of alkaline-AC.  The 
degree and the scope of modification of the surface vary depending on surface properties of GAC, 
serving as a support, and chemical state of impregnant.  

Figure 2 shows results of DSC analysis on KOH (i.e. used as reagent for modifying the surface), 
GAC and alkaline-AC. KOH showed an endothermic reaction at 114oC, and found an exothermic 
reaction of a relatively sharp peak at 142oC and a broad peak at 297oC. GAC showed a high peak of an 
exothermic reaction at temperature hovering over 500oC. In comparison, alkaline-AC displayed high 
peaks at 349oC and 427oC, where exothermic reactions occurred. The difference in the TGA and DSC 
trends of the three samples are attributable to functional groups and chemical structures existing on 
surface, or interaction and physical-and-chemical bonds between the surface-modifying samples and 
the surface, which occurred in the process of chemical modification of the surface.  

Figure 3 shows the TGA curves measured in air ambience against the sample adsorbed and 
desorbed, respectively.  The sample adsorbed by NOx showed a drastic reduction by 80.3 % until the 
temperature reached 380oC. This is the same temperature when the very strong bond zone reached its 
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maximum peak.  On the other hand, against the sample desorbed, 50% of the weight decreased until 
temperature reached 380oC, and 80% fell subsequently when the temperature rose up to 950oC. This 
matches with approx. 380oC, i.e. a temperature at which VSB in the desorbed state showed its peak as 
confirmed in NOx adsorption-desorption. This can be analyzed that the gap between TGA patterns 
against the sample adsorbed, and the desorption is attributable to a weight decrease as NOx is 
desorbed from the surface due to decomposition of KNO2 and KNO3 upon desorption.  The post-
desorption sample showed a pattern very similar to TGA curve of alkaline-AC. 
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Figure 1. Predicted electrochemical status of surface from the manufacture of alkaline-AC to  
adsorption of NO2. 
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Figure 2. DSC analysis on KOH, GAC                     Figure 3. TGA curves after adsorption and  
and alkaline-AC.                                                        desorption on alkaline-ACReferenece 
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