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Fig.1 Lignin-first depolymerisation process
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Table 1 Percentage of different biomass triads and percentage

of lignin types
M) EN
SRR Biomass Lignin components

£ RBRMME WT5kF, o kg3
PIFR IR R EEAA MG W0 MR RN
15 R R R, sk 2 Bios, I8 T AR
AN TR 7R AN [R] FAY L P A0 Je N2 N T8 o 25 R 26 0 i S )

Source  AJiE LdiE  PLAE 6 H pos R . Hor, ARG 3 B N ER AL B AT
Lignin Cellulose Hemicellul e - - . -

TR e B e Tenneeose ko e R | Sl e R i [ TR S NEZ e T e
Hardwood 10724 4347 2535 46~75 25-50 0-8 30-70 W7o I EE R DUR I, B S A o ) AR 2
ﬁ;’; 2531 40 25-29 0 595 <5 3555 WA, XATRE SR p-O-4 S ER ZH IR KK
AR RO Rk Ab, Bt IR AL A A R R e T
Herblaceous 16~21 29~35 26~32 20~54 33~80 16~21 50~70 B4 R 7T, W, SEIHIC RS F ) S R R

p ant =7 N “ ~ ”” >

RAR 40~50  20~30 15~25 20~35 5~15 45~65 50~70 Vipese, TEARSH T AT LR T7k T %

Shells PR AR ) R

#z2 TELZMBEYRR
Table 2 Depolymerisation effect of different processes
VIR B HEALF] sl iy S (] KRR E bR LIRS 2%k
Biomass type Catalysts Fluids Temperature/'C  Reaction time/min  Lignin removal rate/% Monomer yield/% Bibliography
FAKAEFF Maize stover Nb,Os pUR W 3 60 0~1 080 47.0 [28]

HJ# Sugarcane VAR R FEA R 4-F k-2 1 350 180 32.8 [29]
B 2 Alkali lignin ZnCl, a4 300 120 38.1 [30]
FKAFEFT Maize stover NaOH K S 270~330 40 [31]

HeA Birch Rw/C R 250 360 90 52.0 [32]

HEA Birch RwCNT A 220 240 46.0 [33]

HEAR Birch RuN/ZnO/C FR 240 240 84.7 46.4 7]

P1F Bamboo Pd/C FH 320 240 82.9 41.7 [22]
/NZE Wheat Pd/C L 300 120 12.82 [34]
TAT % Alkali lignin Pd/C I 260 300 91.4 28.5 [35]
FE1 Moso bamboo Pd/NbOPO, K g 160 90 224 [36]
K Poplar Zn/Pd/C FR 225 54 [37]

HEA Birch Ni-ALO, R 250 180 46 [38]

HEAR Birch Ni-Fe i 225 360 88 39.5 [14]

T KAEFF Maize stover Ni;APO; PR 235 180 35.70 [
¥R Poplar Ni/C-R 1,4- 5N 260 600 233 [39]
FKFEFT Maize stover H,WO, FP 200 360 98.5 25.1 [6]
T KFEFF Maize stover Ni-Mo,C K. g 250 240 37.3 [40]
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a. Depolymerisation reaction network in the presence of peroxyacetic acid

= Lo~
IS SSaqN®
~ =000 o

BACSL e &1
‘. =l O * G 64

173 171 169 167 M Yo,
3./ppm B 00Tt

b IR FORREAF IR R o IS S BN A AR SR v
FEANTFI AN A FTNMR 3 P BT IS
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timesc lignin depolymerisation
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Fig.2 Depolymerisation reaction network in the presence of
peroxyacetic acid, NMR spectra of enolic acid corn stover and

lignin samples at different times; c effect of peroxyacetic acid on

the total yield of the products during lignin depolymerisationm]
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Fig.4 RuN/ZnO/C catalyst route to depolymerisation of biomass, gel permeation chromatography of birch lignin oil in Ru/C, comparison of

the effect of different catalysts on birch depolymerisation and birch lignin cell wall
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Progress in directed biomass depolymerisation under the “lignin-first
depolymerisation” strategy

LI Zhiyu, LU Yangyang, WANG Wenwen, ZHANG Yuchun, YI Weiming, FU Peng™
(College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract: Climate change, arising from the excessive use of fossil fuel resources, has evolved into a pressing global concern,
with an emphasis on the development of renewable energy solutions. Biomass has been distinguished by the renewable,
abundant, widely distributed, and environmentally friendly representative materials of clean energy sources. Among them, the
organic wealth of nature primarily consists of cellulosic biomass, including cellulose (30%-50%), hemicellulose (20%-35%),
and lignin (15%-30%). Lignin can also be positioned as the second-largest biomass resource. The solitary polymer can be
distinguished with an aromatic backbone, indicating the potential to yield essential commodities, such as fuels, bio-based
materials, and aromatic compounds. A sustainable solution to the prevailing oil crisis can then be provided for solid waste
disposal in industry. Consequently, the strategic and value-added utilization of lignin can be indispensable for the long-term
sustainability of biomass as a primary energy source. The phenylpropane monomers are closely linked through C-O and C-C
bonds in the molecular structure of lignin. A three-dimensional reticulated macromolecular structure can then be formed to
impose the depolymerization. The catalytic disruption of C-O and C-C bonds can be used within the phenylpropane structure.
The concept of "Lignin - first depolymerization" has gained notable attention in recent years. Lignin can also be effectively
separated and further depolymerized into monomers, dimers, or other oligomers. In contrast to traditional biomass treatment,
"Lignin-first depolymerization" can offer protection for the lignin backbone structure and circumvent condensation reactions in
the depolymerized lignin. The high-value utilization of lignin can be realized to facilitate the efficient separation of cellulose,
hemicellulose, and lignin. Importantly, the anti-degradation barrier was disrupted in biomass, leading to a holistic hierarchical
utilization of the diverse components. The influencing factors (the source of lignin, catalysts, and solvents) have been
determined in the conversion of lignin and product distribution. In this study, a systematic review was undertaken on the recent
global progress in the preferential depolymerization of lignin. A comparison was also conducted on the acid, alkali, noble
metal, and non-precious metal catalysts. The reaction mechanisms of these catalysts then underscored the efficacy of metal-
loaded catalysts. Particularly, the conversion of lignin phenylpropane units was promoted using the breakage of inter-unit C-C
or C-O bonds, thereby leading to the formation of valuable aromatic compounds. A comprehensive investigation was extended
to explore the effects of various solvents (including aqueous, alcohol, and low eutectic solvents) on the lignin release rate,
carbohydrate removal rate, slurry macrostructure, and monomer yield. The reaction mechanisms of each solvent type were also
summarized in the lignin depolymerization. The alcohol solvents can be expected to break the ester bond between lignin and
hemicellulose, and then to shield cellulose and hemicellulose from potential damage. This dual functionality of alcohol solvents
can greatly contribute to the high-value utilization of biomass. In summary, the challenges associated with biomass
depolymerization were outlined in the research directions. Effective depolymerization of lignin monomers can also be required
for the synergistic combination of catalysts and solvents, which are identified as the two hot topics in this field. The findings
can provide a roadmap to advance the sustainable utilization of biomass.

Keywords: biomass; catalysis; development for lignin-first; solvents degradation; hydrocarbons
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