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Figure S1. 3P-NMR spectra of the CFBL and LBL.
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Figure S2. FTIR spectra of the LBL-Mannich (a) and CFBL-Mannich (b) samples before and after precipitation and washing by diethyl
ether.
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Figure S3. FTIR spectra (in range 4000 — 600 cm™') of the materials based on LBL (a) and CFBL (b): initial lignin; lignin modified by the

Mannich reaction; lignin-silica hybrids and synthesized pure silica.
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Figure S4. TG- and DTG-curves of thermal decomposition in N2 atmosphere for initial and modified lignins, hybrid composites and

silica.
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Figure S5. TG- and DTG-curves of thermal decomposition in Oz atmosphere for initial and modified lignins, hybrids and silica.

Table S1. Characteristics of thermal decomposition of studied materials in O2 atmosphere.

. Tmax, °C ° Amiotal, %
Material (DTG) Am, % (TG) (TG) Process
56 0.3 Moisture evaporation
LBL 250 6.4 9777 ngn.m c.lecomposmo.n. onset
401 16.3 Lignin decomposition
468 61.6 Lignin combustion
58 0.7 94.5 Moisture evaporation
247 6 Lignin decomposition onset
CFBL . o
383 27 Lignin decomposition
435 63.4 Lignin combustion
Moisture evaporation
54 0.5 . o
142 59 Water and ethoxyl radical elimination
LBL-Mannich 347 26. 1 83.4 Decomposition of the aminopropyl radical
504 612 Lignin decomposition and combustion
138 133 Ethoxyl radical elimination
CFBL-Mannich 354 19.7 82.3 Decomposition of the aminopropyl radical
493 49.2 Lignin decomposition and combustion
59 1.4 Moisture evaporation
LBLSilica 158 5.1 77 . Water and. ethoxyl radlc.al ehmmatlon. .
344 459 Lignin and aminopropyl radical decomposition
470 29.4 Lignin combustion
58 1.4 Moisture evaporation
CFBL-Silica 158 5.1 73 . Water anq ethoxyl radlc'al ehmmatlon. .
353 38.44 Lignin and aminopropyl radical decomposition

435 28.3 Lignin combustion




67 11 Physically adsorbed water evaporation;

Silica in water 210 2 221 condensation of the silica hydroxyl groups
Silica in 80 5.4 183 Dioxan evaporation;
dioxane/water 248 10.75 ' condensation of the silica hydroxyl groups

Adsorption of methylene blue dye

The synthesized hybrid composites were tested as sorbents for the removal of methylene blue dye from
aqueous solutions. This study was conducted to evaluate the dependence of the sorption properties of the
synthesized hybrid materials on the structure of the lignin component and to compare the sorption properties

of the initial LignoBoost and CleanFlowBlack lignins.

The adsorption capacity of the hybrids, initial lignins and silica were estimated from the adsorption
isotherms of methylene blue dye in a neutral medium. The equilibrium studies were conducted over 48 h for all
systems. The obtained results were compared and are shown in a diagram in Figure 10. As seen from Figure 10,
the adsorption capacity of the hybrid composites is higher than that of the original lignins. In the case of LBL
(adsorption capacity = 31.2 mg-g), the increase reached 30% (adsorption capacity of LBL-silica = 41.6 mg-g™),
and in the case of CFBL (adsorption capacity of CFBL-silica = 32.3 mg-g™'), the adsorption capacity almost
doubled (adsorption capacity = 58.9 mg-g). It could be concluded that the increase in the adsorption capacity is
presumably related to an increase in the organophilic properties of the hybrid composites. The highest sorption
of the studied dye was observed for the CFBL-silica composite. Lignin in this composite has a less condensed
structure, a lower molecular weight, and a larger number of functional groups. Based on the higher reactivity,
the lignin was probably more homogeneously distributed on the surface of the hybrid composite, which resulted
in better accessibility of the functional groups that participated in the sorption process.
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Figure S6. Adsorption capacities of the synthesized silica, initial CFBL and LBL, and LBL-silica and CFBL-silica composites for
methylene blue dye in a neutral medium.



