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There Is a rising need for an Spruce Needles and
alternative source of humic

. @ Hl_JI_"nification Process
substances, that would align nion
with the EU Green Deal. @ Transiormations
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Hydrothermal

Formation of Humic
Substances

Spruce greenery Is a major forestry waste that is often
underutilized and left in the forest, making it a suitable
source for production of humic substances.

Hydrothermal humification was conducted in the range Gradual increase of synthesis temperature leads to
of 155-230 °C for 2-24 hours. Most optimal conditions formation of more aromatic structures and
for synthesis were found to be 185 °C and 9 hours. Increased carbon retention, while aliphatic

structures decrease.

Temperatures above 200 °C initiate the formation of
potentially harmful free semiquinone radicals.
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The depletion of non-renewable peat resources W e N,
and its significant greenhouse gas emissions have o : T\ //\

prompted the search for sustainable soil amendment < ] :

alternatives. Norway spruce greenery, a forestry
byproduct often left unused after logging, contains
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high lignocellulose content and is a promising T
feedstock for producing humic acids. i e o o — e — —sn —mce —mwron i — e
HydrOthermaI humification (HTH) IS a climate- Fig. 1. FTIR spectra of artificial humic acids and their dynamics depending on synthesis temperature
neutral, thermochemical process that mimics and R (A)a”dsy”theS'St;me(B)'
accelerates natural humification In an alkaline S —mee e Ton en [en [en] ¢ e T T T
environment, retaining carbon efficiently. This study sa D\ —EER SRR AR G N\ ow fmebe et
investigates the transformation of extracted spruce QN ST BT R A e N wen (el oo [ 5 [ | o0
greenery biomass into humic acids using HTH, \
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supporting circular bioeconomy principles and peat
replacement strategies.
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Fig. 2. UV-Vis spectra of artificial humic acids and their dynamics depending on synthesis

temperature (A) and synthesis time (B).
Methods

Spruce (Picea abies) greenery was harvested, T e e e z
dried, and extracted with isopropanol to simulate post- £
extraction waste, then subjected to hydrothermal 2
humification. The process was carried out in a Teflon- &
lined autoclave at six temperatures (155-230 °C) and
five reaction times (2—24 h) using 0.65 M KOH. After B A emical shift, ppm 0
the reaCtiOn, humiC aCidS were preCipita’[ed W|th HCI, Fig. 3. Solid state 13C-CPMAS-NMR spectra of artificial humic acids and their dynamics depending on
isolated, washed, dried, and quantified. syninesis temperaiure.

Physicochemical characterization was performed A [ssmmeme B
using contemporary methods such as UV-Vis A=t “_JAX/F_
spectroscopy, FTIR, electron paramagnetic resonance HE [° S : NT
(EPR), and solid-state *C-CPMAS-NMR to assess S [ \ ]
molecular  structure and humification degree. v
Statistical analysis (ANOVA and Tukey's HSD) was R I
applied to determine optimal synthesis conditions for e T o e T
maXimum humiC aCid y|9|d Fig. 4. EPR spectra (10 mW microwave power) of AHA samples after synthesising at different

temperatures (A). Inset (lower left corner): magnified EPR spectrum of the HA sample synthesised at
Acknowledgement: This research was funded by the Rural Support Service Republic of 230 °C; inset (upper right corner): double integrated (DI) EPR signal intensity in the 348-357 mT
Latvia project “Full-cycle processing of green biomass from skewers to produce high- range as a function of synthesis temperature. EPR spectra simulations of the AHA sample

value feedstocks for the chemical and pharmaceutical industries” (Nr: 23-00-A01612- synthesised at 230 °C (B)

000007).



