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Introduction 

Ozonation with activated carbon (AC) is an effective method in water and wastewater 
treatment. Two ways exist in the AC/ozonation process: HO• oxidation in bulk solution and 
surface oxidation. The basic sites of ACs are believed to contribute to the removal of target 
compounds [1]. AC acts as an initiator/promoter in the radical-type chain reaction of ozone to 
produce HO•, which is associated with the basicity of AC. But the relationships between basic 
sites and surface reactions are seldom reported. Surface oxidation and HO• oxidation in bulk 
solution contribute simultaneously to the removal of organics in solution. The systematic study 
of these processes and their relationship with basic sites of AC should be determined. 

In this study, we treated a commercial AC with N2, H2, and NH3 gas at various temperatures, 
to modify different types and numbers of basic sites on AC. The surface chemical and textural 
properties were characterized, as well as their performance in oxalate ozonation. The effects of 
the type and number of AC basic sites on oxalate removal by HO• oxidation in bulk solution 
and surface oxidation were quantitatively evaluated. 
 
Materials and Methods 

A commercial AC (~75 µm) was used and designated as AC0. AC0 was thermally treated 
with N2, H2, or NH3 at a flow rate of 100 mL/min. During the period of temperature increasing 
or decreasing, N2 gas was used to protect the sample. These samples were denoted as AC-X-Y, 
where X and Y are the treatment atmosphere and temperature, respectively. Ozone was 
generated from pure oxygen using an ozone generator. 

Ozonation experiments were conducted in a semi-batch system. A gaseous mixture of ozone 
and oxygen (65 mg/L of ozone, 116 mL/min) was bubbled, and the temperature was kept 25 °C. 
The reactor was loaded with 1 L of a phosphate-buffered oxalate solution (0.5 mM oxalate, 
5 mM phosphate buffer, pH = 7). AC (0.2 g/L) was then added before ozone is fed.  

 
Results and Discussion 

The amounts of oxalate adsorbed on AC sample, ozone efficiency and contribution of two 
reaction pathways are listed in Table 1. 

 
Table 1. Calculated parameters for oxalate adsorption and ozonation  

 

Sample	  

Amount of 

adsorbed 

oxalate 

(mg/g AC) 

Ozone 

consumption 

(mg)	  

Ozone 

efficiency	  

Oxalate 

removal by 

surface 

oxidation (%)	  

Oxalate removal 

by HO• oxidation 

in bulk solution 

(%)	  

η 

(%)	  

AC0 7.84 79.4 0.168  44.3 15.2 25.5 

AC-N2-500 9.42 79.0 0.201  55.5 15.2 21.5 

AC-N2-700 18.72 79.7 0.222  64.8 13.9 17.7 

AC-N2-900 18.44 77.7 0.223  70.4 8.9 11.2 

AC-H2-500 18.42 81.7 0.202  62.3 14.0 18.3 

AC-H2-700 19.95 79.7 0.220  68.1 12.2 15.2 

AC-H2-900 19.77 82.2 0.228  76.5 9.2 10.7 

AC-NH3-500 16.22 78.6 0.205  59.9 13.3 18.2 

AC-NH3-700 19.45 79.7 0.216  67.1 8.4 11.1 

AC-NH3-900 16.58 84.5 0.226  69.0 14.4 17.3 

Table 1 shows that normally higher treating temperatures make AC more efficient in oxalate 
removal and oxalate adsorption (except AC-NH3-900). The contribution of surface oxidation 
on AC in oxalate removal also increased with higher treating temperature. The contribution of 
HO• in all cases is less than 16%, and decrease with thermal treatment temperature. 
 
Figure 1 shows the relationship of the two reaction pathways with the number of basic sites on 
AC. Combining the results from TPD-MS, we find that oxygen basic sites promoted surface 
oxidation and inhibited HO• oxidation in bulk solution. We deduce that pyridine groups on AC 
possibly decreased the surface oxidation of oxalate, and pyrrole groups on AC may enhance 
HO  generation in bulk solution. 

 
Figure 1.  Oxalate removal through (a) surface oxidation and (b) HO• oxidation in bulk 

solution versus the number of basic sites. 
Significance 
Basic nitrogen-containing groups possibly negatively affected the surface oxidation, whereas 
pyrrole groups enhanced ozone decomposition to generate HO•. Basal planes and basic 
oxygen-containing groups enhanced surface oxidation but inhibited HO• oxidation in bulk 
solution. 
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