
UNIVERSITY OF BELGRADE FACULTY OF TECHNOLOGY AND METALLURGY , 2017

Jelana  T. Petrović   

OPTIMIZATION OF HYDROTHERMAL CARBONIZATION PROCESS OF

GRAPE POMACE AND APPLICATION OF OBTAINED HYDROCHAR

ABSTRACT

The  subject  of  this  work  was  the  development  and  optimization  of  hydrothermal

carbonization  of  grape  pomace  and  investigation  of  potential  applications  of  the  obtained

hydrochar as adsorbent of lead from aqueous solutions.

In  order  to  optimize  the  process,  influence  of  the  reaction  temperature  on

transformation of biomass was investigated using different physico-chemical characterization

methods of the products obtained at 180, 200 and 220 °C. Hydrothermal induced structural

changes in hydrochars were elucidated by examination of physico-chemical composition, fuel

characteristics,  using  thermogravimetric,  morphological  and  spectroscopic  analysis.   IR

spectroscopy, analysis of inorganic, as well as organic compounds, and antioxidant assays, were

used for process waters characterization.

The results showed significant structural differences between the obtained products. It

has  been  found  that  degradation  of  hemicellulose  and  cellulose,  caused  by  temperature

increase, governs the most significant structural changes in biomass during carbonization. The

formation of hydrochar with significant energy potential, increased carbon content and the best

adsorption ability, but decreased H/C ratio was achieved at 220 °C. Also, at higher temperature

an increase in total phenolic and organic content in process waters was observed, while total

antioxidative capacity, anthocyanin and organic acid content simultaneously decreased.

Application of  the obtained hydrochars  was  tested via  adsorption of  Pb2+ ions  from

aqueous  solution.  In  order  to  select  material  with  the  best  adsorption  ability,  preliminary



studies  of  Pb2+  sorption  using  hydrochars  obtained  at  three  aforementioned  reaction

temperatures were performed. Obtained results indicated that hydrochar produced at 220 °C

exhibited the best adsorption potential (27.8 mg/g), and therefore this sample was chosen for

further investigations of Pb2+ removal. Modification of selected product using 2 M potassium-

hydroxide  solution  was  applied  in  order  to  improve  its  adsorption  capacity,  whereby  the

resulted capacity increased up to 137.0 mg Pb2+/g hydrochar.

Investigations  of  the  effects  of  different  adsorption  parameters  (initial  pH  value,

adsorbent dose, initial metal concentration, contact time and temperature) using modified and

unmodified hydrochar, defined their optimum values for the most effective Pb2+ removal (pH

5.0; dose=0.5 g/L; c=100 mg/L; t=60 min at room temperature). The kinetic study implied that

the removal of Pb2+ ions on treated and untreated hydrochars follows pseudo-second order

model. The Sips isotherm model gave the best fit with the experimental data obtained for Pb 2+

sorption using activated hydrochar. Thermodynamic parameters reveled that binding of Pb2+

ions  at  hydrochar  surface  is  spontaneous,  exothermic  and  favored  process  during  which

disorder in the solid/liquid interface increases.

Characterization of hydrochars before and after Pb2+ removal (SEM-EDX, FTIR), kinetic

studies and ion exchange experiments indicated that  the removal  of  Pb2+ ions by activated

hydrochar can be attributed to ion exchange mechanism, surface complexation with oxygen

containing functional groups (KOH activation increases the oxygen functional groups content),

Pb2 +-π interaction between the d-electron of metal and C=C in aromatics.

The results obtained in this study, indicated that hydrochars obtained by carbonization

of  grape  pomace  are  perspective  adsorbents  of  Pb2+ ions  and  potential  fuels,  while  alkali

treatment significantly improves hydrochar’s adsorption capacity. Based on the above it can be

concluded  that  the  hydrothermal  carbonization  is  very  efficient  and  environmentally

sustainable technology for conversion of waste biomass into highly valuable products.
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