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The food waste upcycling to phospholipids due to hydrothermal treatment combined with the application of Yarrowia lipolytica yast. 
NAWA Ulam. 2023-2025.

PhD topic: Research on the functionalization of biochar and hydrochar derived from biowaste for the adsorption of antibiotics from wastewater

Research discipline in 
Doctoral School:

Environmental Engineering, Mining and Energy

Short description of the 
research problem to be 
solved in the PhD 
(minimum 1000 
characters):

The development of adsorbents from wastes for use in wastewater is ongoing in order to tackle problems of environmental 
contamination – land pollution (conversion of biomass to a valuable adsorbent material) and water pollution (elimination of 
pollutants from water before discharge) while also lowering the cost of using more expensive materials. The European Center for 
Disease Prevention and Control (ECDC) stated that Poland is one of six European nations with the highest levels of antibiotic usage 
per capita and their presence in wastewater, soil, and surface waters has been documented which is the leading cause of antibiotic 
resistance. Antibiotics enter the environment through improperly discarded unused medications, agricultural, hospital waste, and 
industrial effluent. Studies have shown that the processing technologies used by wastewater treatment plants (WWTPs) are not so 
effective in removing antibiotics from wastewater. Adsorption is favored and cheap, and the adsorbents used can be easily 
regenerated. The use of adsorption is economical due to its usage of various low-cost adsorbents, especially biomass. Carbon-
based adsorbents derived from biowastes are promising materials for effective water purification and will continue to be used in the 
future due to their low cost, availability, and renewability, and are well-known for their high surface area and porosity. As a result, 
this topic aims to convert widely available and non-lethal biowastes via pyrolysis and hydrothermal carbonization into valuable 
materials (biochar and hydrochar) that may be used as adsorbents for antibiotic removal from wastewater with the ultimate goal of 
environmental protection. The porosity of the adsorbents will be enhanced by chemical activation after carbonization. The surface 
and pore properties, morphology, and physicochemical nature of the carbon-based adsorbents, including the spent adsorbents, will 
be studied via standard methods. The adsorbents will be examined for their efficiency in wastewater treatment with their 
performance optimized by considering process factors such as contact time, adsorbent dose, initial antibiotic concentration, pH, and 
temperature. The data from the adsorption processes will be modeled, predicted, and optimized using ASPEN adsorption, response 
surface methodology (RSM), artificial neural network (ANN), adaptive neuro-fuzzy inference system (ANFIS), and genetic algorithm 
(GA) optimizers. The process's kinetics, isotherms, and thermodynamics will be investigated. Fixed bed adsorption and adsorbent 
regeneration studies will also be incorporated to evaluate the feasibility of applying these adsorbents for engineering, and 
economic/feasibility purposes.

Professional skills for PhD 
candidate (e.g. master 
program, specializations, 
softwares, language, 
analytical techniques, 
minimum 500 characters):

The candidate should be familiar with environmental engineering, and chemical engineering, especially the methods of adsorption 
research. The candidate will be responsible for the carbon materials generation, adsorption tests executing, carbon materials 
properties determination, data validation, and statistical analysis, data collection. Mathematical modeling. The candidate should 
have an interest in BET analysis of carbon materials, and adsorption for wastewater purification. Interests in the characterization of 
physical and chemical properties of biochar, statistical analyses, data collection, data analysis, and mathematical modeling 
including ANN.
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