Humification: a process of key importance to understand NOM biogeochemical cycle and properties of humic substances
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In the carbon biogeochemical cycle of key importance is the transformation of living organic matter into refractory part of organic matter – humification, playing an important role in the diagenesis of fossil carbon deposits as well as humic substances. In the same time character of transformation of living organic matter is very complex object of study, considering the high variability of the environmental conditions under which the living organic matter is decaying, slow pace of the humification reactions and large number and structural differences in organic molecules composing biomass. Evidently, depending on the composition of living organic matter, properties of humic substances differ.
Two humification processes have been selected for study: 1) humification processes in the conditions where the transformation of living organic matter could be studied in relatively homogeneous and stable environment as it exists in the bogs; 2) accelerated humification in conditions of hydrothermal carbonisation. In form of peat are stored significant amounts of organic carbon and thus peat reserves play major role in the carbon biogeochemical cycling and are of especial role considering the climate change. Humic substances form most of the organic components of soil, peat and natural waters, and their structure and properties differ depending on their source very much. During peat development even at one site, major changes in vegetation, temperature, amounts of precipitation and corresponding hydrological conditions of the bog, and land use in the basin of wetland can take place, so that one can expect to find corresponding changes in properties of peat humic substances, identifying molecular descriptors of organic matter diagenesis process. However, relations between peat properties (especially in full peat profiles) and properties of peat humic substances have not been studied much. Study of humic substances from bog peat demonstrate the homogeneity of peat HAs within peat profiles, and peat humification impact on properties of HAs. On diagenesis scale, peat HAs had an intermediate position between the living organic matter and coal organic matter, and their structure is formed in a process in which more labile structures (carbohydrates, amino acids, etc.) are destroyed, while thermodynamically more stable aromatic and polyaromatic structures emerge. However, in comparison with soil, aquatic and other HAs, aromaticity of peat HAs is much lower. Comparatively, the raised bog peat HAs are at the beginning of the transformation process of living organic matter. 
For hydrothermal carbonization process study as source material has been used biomass wastes of different origin (food, food processing wastes, agricultural, forestry, invasive plants and other) and besides humic acids and low-molecular weight organic substances also carbonaceous materials – hydrochar is formed. Hydrothermal carbonisation  can be considered as a sustainable, climate-neutral and cost-effective solution for disposal and creation of new products utilizing plant biomass waste. In this study biomass waste have been used as source for hydrothermal carbonisation to obtain artificial humic substances (AHS). Hydrothermal carbonisation conditions and the yield and properties of AHS have been investigated. A major impact on the yield of AHS has the duration and temperature of the treatment, as well as catalyst used. During hydrothermal treatment of biomass significant changes of the composition take place as indicated by the removal of labile components of organic matter and deep transformation of stable structures.
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