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1. Introduction – Wet oxidation (WO) is an effective technology for treating aqueous wastes with high 

organic matter content, such as sewage sludge. The use of pure oxygen at high temperature (100-330ºC) 

and pressure conditions (40-230 bar) to maintain liquid phase is the way to break the C-C bonds to 

transform the initial waste into CO2, H2O and readily biodegradable low molecular weight organic 

compounds, mainly acetic acid [1]. A stabilised solid effluent is obtained, containing mainly inorganic 

compounds, with insoluble phosphorus being the most valuable substance to be recovered.  

The aim of this work is to determine the phosphorus content of the solid after WO technology, and to 

evaluate its possible recovery by chemical extraction using different aqueous solutions. 

2. Experimental – Continuous wet oxidation (WO) operation was carried out in a pilot plant property of 

ECOLOTUM, Energía Recuperable, S.L. treating sewage sludge obtained after the activated sludge 

process from a Spanish municipal WWTP. For the phosphorus extraction experiments, stirred glass 

Erlenmeyer flasks at ambient conditions were used to put the solid and the extractive aqueous solution 

into contact. 

3. Results and Discussion – Total phosphorus content of the solid after WO (36.48 mg P/g solid) was 

measured after digestion in aqua regia. A sequential extraction was performed on 1 g of solid using 

NaHCO3 (0.5M), NaOH (0.1M), dilute HCl (1M) and 

concentrated HCl (10M) heating over 80ºC, obtaining P 

recovery results of 0.21%, 2.44%, 41.96% and 46.90%, 

respectively. The high recovery of P using dilute HCl 

extended the study to four acids (HCl, H2SO4, HNO3 and 

citric acid [2]) which by varying the dosage were 

compared to obtain maximum phosphorus extraction 

while minimizing acid consumption. The maximum 

values of extracted phosphorus corresponded to the 

experiments accomplished with H2SO4 (35.8%) and HCl 

(35.4%), slightly higher than those obtained using HNO3 

(32.8%) or citric acid (31.1%). Considering as reference 

the maximum P extracted (41.6%) using HCl 1M solution, 

a specific concentration range (0.002-0.018M) was 

studied, where it could be observed that the extraction 

increased with concentration until the trend became asymptotic. This occurred for all the acids used and is 

related to the pH, which is the parameter that defines the extraction process, since at a similar pH, the 

phosphorus values extracted are also similar whatever the acid used, as shown in Figure 1. Therefore, 

parameter optimization was defined by the amount of acid needed to achieve lower pH, with H2SO4 being 

the most effective. However, the optimum dose should be evaluated using economic criteria, since 

increasing the recovery from 33.4 to 35.8% means more than doubling the acid dose. 

4. Conclusions – The chemical extraction of phosphorus from solid effluent after WO of sewage sludge 

is high (41.6%) using a dilute acid solution (HCl, 1M) at ambient conditions. The dosage of four diluted 

acids was studied in order to maximize the extraction and decrease the consumption, finding that the use 

of H2SO4 solution reported higher P recovery values using the least amount of acid. The optimum acid 

dosage will be determined by economic considerations. 
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Image 1. P extraction at different pH. 


