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Abstract: Humic substances (HS) are originated from naturally decaying biomass. The main products of
HS are humic acids, fulvic acids, and humins. HS are extracted from natural origins (e.g., coals, lignite,
forest and river sediments). However, the production of HS from these resources is not environmentally
friendly, potentially impacting ecological systems. Earlier theories claimed that the HS might be
transformed from lignin by enzymatic or aerobic oxidation. On the other hand, lignin is a by-product of
pulp and paper production processes and is available commercially. However, it is still under-utilized. To
address the challenges of producing environmentally friendly HS and accommodating lignin in valorized
processes, the production of lignin-derived HS has attracted attention. Currently, several chemical
modification pathways can be followed to convert lignin into HS-like materials, such as alkaline aerobic
oxidation, alkaline oxidative digestion, and oxidative ammonolysis of lignin. This review paper discusses
the fundamental aspects of lignin transformation to HS comprehensively. The applications of natural HS
and lignin-derived HS in various fields, such as soil enrichment, fertilizers, wastewater treatment, water

decontamination, and medicines, were comprehensively discussed. Furthermore, the current challenges
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associated with the production and use of HS from lignin were described.
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Tab.1 Chemical properties of humin, HA, FA, and different types of lignin
b \ﬂ 7A Xﬂ =3y Xﬁ =

AR B ( m#ri;/g ) ( ffrilo;:g ) H(El fﬁi? ( M\ﬁifnol ) N
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FA Cips 8~9 3~6 3~5 600 ~ 900 6.7 ~9.2
IRIRERAT R (KL) pH>7 0.3 2.6 2.45 1000 ~ 15000 135
R BIREL (LS) CIp 0.1 ~0.53 15~2 19 ~ 4 1000 ~ 50000 240
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Tab.2 Humification of biomass and non-lignin materials by alternative methods
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Fig.4 A model structure of lignin and common lignin linkages
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Tab.3 Different oxidation approaches for lignin and biomass conversion for HS-like lignin material productions

" i F AL / mE (°C), FRH Mw N
Bk k7 B ] (min ) (mmol/g) (g/mol) B FIR

LS NaOH, H,0,/ Z8K, 170 ~ 190, 180 — — $ LS ¥4k HA, 7= F K
77 wt%

LS KOH, %5 /0, — — — FElmg/LAIET, FRE
AT EANMN GRS RS 54
5 18% Fl 45%

KL KOH, 0O, 195, 30 2.6 3500 ~ 4000 £ 10 mg /L T, fEEK
FRw . THEMMHSESES)
BN 27%. 92% F 32%

KL FeSO,, H,0, RT, 120 — — 1E 860 ppm FH ~, FFHi%k
. RS S

=t KOH/H,0, 50, ON — — fE 10 ppm FIR T, FHfT
W 4 S A0 LT IRl A K 4
= 10%

PRI B KOH, H,0, 50, ON 1.02 — £ 10 ppm FHE T, F KA1
WA A R FIAR R B 50%

. MR, BB NaOH, H,0, 50, ON 04 ~ 1.4 — AE 10 ppm FIE T, A Fk

YrEE R R 72%

?EE: RT; %?[Eﬂlly ON7 ﬁﬂio
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Fig.5 A schematic flow diagram of alkaline aerobic oxidation for lignohumate production from lignin
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Fig.6 Reaction pathways for the alkaline aerobic oxidation of lignin
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Fig.7 A schematic flow diagram of alkaline oxidative digestion for lignohumate production from lignin
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Fig.8 A schematic flow diagram of Fenton reagent-based oxidation for lignohumate production from lignin
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Fig.9 A schematic flow diagram of oxidative ammonolysis for N-enriched lignohumate production from lignin
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Fig.10 Model reaction scheme for the oxidative ammonolysis of lignin
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Fig.11 A schematic representation of mineral transportation, soil conditioning, and water retention capabilities of ALH
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