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1. Introduction – The amount of sewage sludge is increasing due to population growth, urbanization and 

industrial development, and more stringent environmental standards, and, therefore, its management is an 

issue of particular concern. Common routes of utilization and disposal of sewage sludge, including land 

filling, application to farmland and forestry and incineration, have serious limitations because of 

increasing costs and more stringent environmental standards to avoid secondary pollution [1]. Among the 

alternatives, the production of adsorbents is a promising and eco-friendly way. 

 

This work approaches the preparation of sewage sludge-based materials through a method that combines 

chemical activation with NaOH and physical activation with CO2 in a single step. This activation method 

consists of using an oxidizing atmosphere, instead of an inert atmosphere, to perform the activation of 

chemically impregnated samples. Compared to the chemical activation, it has the potential of further 

improve the textural properties by physical activation, without adding a new heating step. The combined 

activation in one step has been reported to have a significant impact both on the porosity and surface 

functional groups of materials prepared from carbonaceous precursors such as agricultural wastes [2]. 

Nevertheless, to the best of the author’s knowledge, there are no reports concerning the combined 

activation of alkali treated samples of sewage sludge under CO2 atmosphere. The utilization of CO2 as 

oxidizing gas would effectively support the development of a more circular, sustainable and climate 

neutral economy. In order to ensure an effective activation using CO2, a wide activation temperature 

range (600-1000 ºC) was selected, including higher temperatures than those commonly used. Indeed, 

previous works [3] reported the low reactivity of CO2, due to its large molecular size and the 

endothermicity of its reaction with carbon. The potential application of the biochars in the removal of 

aqueous pollutants was investigated using two model compounds, methylene blue and phenol. 

 

2. Experimental - Biochars were prepared from sewage sludge collected from an urban wastewater plant. 

Sludge was dried and, after grinding and sieving, particles within 0.5-1.0 mm range were selected. Dried 

sludge was contacted with a solution of NaOH (3.0 M) for 48 h. After filtering and drying, impregnated 

samples were heated in a quartz tube furnace under a CO2 atmosphere (120 cm3/min of flowing gas, 

corresponding to 8 minutes of residence time). Sludge was heated from room temperature to 600-1000 ºC 

at a rate of 15 ºC/min. Samples were soaked at the final temperature for 30 min, and then cooled down in 

N2 atmosphere. 

 

3. Results and Discussion – From the standpoint of textural properties, the impregnation with NaOH 

decreases the optimum activation temperature from 800 ºC to 600 ºC. The treatment with NaOH increases 

the amount of –OH and –NH functional groups, and leads to the generation of new oxygen and/or 

nitrogen containing functionalities. The uptake of phenol and methylene blue (MB) is maximized with the 

combination of the impregnation with NaOH and a temperature of 600 ºC. For example, the uptake of 

phenol represents an increase of 152 %, compared to the highest value of non-impregnated samples, with 

the advantage of the lower temperature required (600 vs. 800 ºC). 

 

 4. Conclusions – The chemical treatment with NaOH favours the development of magnetic properties on 

biochars, which is an advantage for its reuse in wastewater treatment, since it favours the adsorption of 

anionic surfactants.The adsorption capacity of methylene blue and phenol is increased, compared to the 

physical activation with CO2.    
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