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1. Introduction – The production of olive oil generates large amounts of residual wastewaters (Olive 

Mill Wastewater, OMW), which are difficult to manage due to their high concentration of organic 

refractory compounds. The common methods to treat OMW are a combination of flocculation, 

biodegradation, and advanced oxidation processes. However, due to the high production volume of OMW 

and content of recalcitrant organics these treatments are not feasible for common processing plants. 

Evaporation ponds and disposal in soil are the most common approaches, although they lead to potential 

groundwater and soil contamination. Due to its liquid nature and high organic load, OMW is an ideal 

candidate for valorization via hydrothermal carbonization (HTC). During HTC, the wet organic feedstock 

is subjected to temperatures above 100 ºC while maintaining the autogenous pressure. For temperatures 

between 150 ºC and 250 ºC, organics from the waste material hydrolyze and decarboxylate, losing 

oxygen and carbon in the form of low molecular weight organics and COx gases. These organics may 

then polymerize to form hydrochar, a carbonaceous product similar to brown coal. The hydrochar can be 

employed as solid fuel, adsorbent, activated carbon precursor, and for advanced oxidation processes. In 

this research, we studied the effect of a variety of reagents in the hydrothermal synthesis of hydrochar 

from OMW to find potential additives that would improve its fuel and dye adsorption. The reagents used 

were strong protonating acids (H2SO4, HCl, and HNO3), organic acids (Acetic and Citric acid), iron salts 

(Fe(NO3)3·9H2O, FeSO4·7H2O, and FeCl3), and Na salts (NaCl, NaNO3, Na2SO4, NaI, and sodium 

acetate, NaAc). 

 

2. Results and Discussion – The addition of strong acids was found to enhance the hydrochar yield and 

fuel properties; in the case of H2SO4 (2M), hydrochar yield increased from 15% to 35% while 

maintaining a similar higher heating value and lower ash content. HCl and FeCl3 presented similar results. 

The higher acidity and the presence of Fe3+ and SO4
2- increased the carbonization of the hydrochar. 

Organic acids, acetic and citric acid, resulted in a tar-like compound with lower hydrochar yield. The 

addition of nitrate compounds opened an oxidative pathway for HTC. This was due to nitrate reduction to 

nitrogen gas under hydrothermal conditions. This resulted in oxidized hydrochars with enhanced 

methylene blue adsorption but worse fuel properties. Hydrochars from Fe(NO3)3·9H2O, Na2SO4, and 

NaNO3 enhanced methylene blue adsorption from 52 mg/L up to 212 mg/L. 

 

3. Conclusions – Hydrochars with improved properties were obtained from OMW using additives. 

Different additives were able to emphasize the fuel or the dye adsorption properties. These results can 

help to further advance the hydrothermal valorization of recalcitrant organic residues, such as OMW. 
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