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Lignin biosynthesis and its regulation in Moso bamboo

Gao Zhimin" 2 Yang Kebin"" 2 Sun Huayu" 2> |Fei Benhual" 2 Li Hui! 2
(1.Key Laboratory of State Forestry and Grassland Administration/Beijing on Bamboo and Rattan Science and
Technology, Beijing 100102, China; 2. Institute of Gene Science and Industrialization for Bamboo and Rattan
Resources, International Center for Bamboo and Rattan, Beijing 100102, China)

Abstract: [Objective] Bamboo grows fast, has a large biomass, rich resources, and is of good wood
quality. Therefore, bamboo has become a powerful hand to achieve the goal of “Carbon Peaking
and Carbon Neutrality”, implement the initiative of “Bamboo as a Substitute for Plastic”, and ensure
the safety of wood in China. Although the deposition of lignin in cell wall increases its mechanical
strength in line with the demand for high-strength bamboo for construction and other uses, it is an
important barrier to sustainable production of cellulose, which increases the energy consumption of
bamboo pulp papermaking fiber. Therefore, the study of bamboo lignin biosynthesis and its
regulation mechanism is not only of great scientific value to enrich the basic genetics theory of
bamboo, but also of great significance to the research of bamboo lignin biosynthesis, furthermore,
it is of great practical significance to cultivate special bamboo varieties which can meet the needs
of industrial utilization of “Bamboo as a Substitute for Plastic”. [Methods] The lignin components
of Moso bamboo (Phyllostachys edulis), a representative bamboo species, were detected by X-ray
photoelectron spectroscopy, Fourier transform infrared spectroscopy, Raman spectroscopy and
Solid-state nuclear magnetic resonance, the differentially expressed genes of Moso bamboo during
lignification were identified by genome, transcriptome and degradome sequencing, functional
verification of lignin biosynthesis genes and their regulatory factors were performed by combining
transgenic, gene editing and anatomical, physiological and biochemical techniques. [Results] The
relative content of C and O and the ratio of O/C in four-year-old Moso bamboo wood were higher
than those in one-year-old bamboo wood, and the relative content of lignin was higher than that in
one-year-old bamboo wood, while the relative content of cellulose and hemicellulose was lower
than that of one-year-old bamboo. The relative content of syringyl propane (S) and guaiacylpropane
(G) and S/G ratio in four-year-old bamboo lignin was higher, while the relative content of
hydroxyphenylpropane unit (H) was lower. In the genome of Moso bamboo, 242 members of 13
gene families involved in lignin biosynthesis were identified. A regulatory network including 11
miRNAs, 22 transcription factors and 36 lignin biosynthesis genes was constructed during the
lignification process of Moso bamboo. A miRNA-mediated regulation model of lignin monomer
polymerization of 'MYB-PeLAC2(0' was proposed, validating that miR397 influenced lignin
accumulation by splicing PeLAC to regulate its expression. It was found that multiple members of
multiple families of lignin biosynthesis genes were regulated by ubiquitination, a Kelch repeat
domain F-box protein (PeKFB9) was identified as a negative factor in lignin biosynthesis,
overexpression of PeKFB9 reduced cinnamic acid and lignin accumulation and PAL activity.
PeKFB?Y, as an E3 ligase, promoted the ubiquitination and degradation of PePAL10 through the 26S
proteasome pathway. A cascaded regulation model of lignin biosynthesis based on PePAL10
ubiquitination was constructed. In addition, PEZIP28667 was found to be able to bind to the
PePAL10 promoter and negatively regulate the enzyme activity of its expressed protein. It was
verified that PePAL had dual activities of phenylalanine ammonia-lyase and serine enzymes. The
ESME: RBMBRR (2021YFD2200500) .
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in-planta gene editing of PePALs and PeCCRs was successfully conducted in Moso bamboo, and
the enzyme activity of the protein encoded by PePALs was reduced, and the lignin content was
reduced after editing. [Conclusion] Lignin biosynthesis and its regulation in Moso bamboo is a
complex regulatory network. Bamboo breeding is developing towards intelligentization, which will
integrate biological breeding, gene editing, artificial intelligence and big data decision-making, in
order to improve the related properties of bamboo new varieties with low lignin content and high
S/G ratio.

Key words: Moso bamboo, lignin, biosynthesis and regulation, genetic manipulation, intelligent

breeding
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PRy 2R S A7 T 20.8 g LTI L-BRZUER, 7730y 86.4%. i F IRk iy S B 1) 7K A
M 0.96 g Lt 5t & G AP~ 0.94 g LT L-FREER, 7% N 88.7%, IR T 81gL?
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W TESE AT, 2 XE DUR B R R R AR o 3K 1 T DU TRl s ke, RATE 5 M E A
BAT oL AR S5 T AR R SR, 48 7 T 3RS R AR AT B A K I o T TR AR B 3R K
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I, BT MPK6 BEIZFE S, ShA AR R A USRI 52K H[1].
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B PR RS AR ) 1E H AR K R R

HeAh, FRATTRI s R 74 (EAR) FNEEE (VP64) KB, MG T 2T mRib i A
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[1] X Gao, L Sheng, M Li, et al. Flame-Retardant Nano-TiO2/Polyimide Composite Separator for the Safety of a
Lithium-Ion Battery[J]. ACS Applied Polymer Materials, 2022, 4(7): 5125-5133.
[2] S Yu, M Wang, Y Xie, et al. Lignin self-assembly and auto-adhesion for hydrophobic cellulose/lignin

composite film fabrication[J]. International Journal of Biological Macromolecules, 2023, 233: 123598..
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Data-driven lignin Valorization Processes for Biochemicals and

Biofuels™

Wenbo Peng, Zhaoxian Qin, Xintong Xu, Ji Gao, Abigael Wahlen, Zhaohui Tong*
School of Chemical & Biomolecular Engineering, Renewable Bioproduct Institute,

Georgia Institute of Technology, Atlanta, GA 30332, USA
* zhaohui.tong(@chbe.gatech.edu

Abstract: Our society is facing long-term environmental challenges such as extreme climate
change, resource and energy depletion, air pollution, food scarcity, and water and soil contamination.
To tackle these environmental and sustainable concerns and challenges, my research focuses on the
use of green chemistry and engineering techniques to produce value-added bioproducts including
platform chemicals, functional biomaterials, and biofuels from abundant renewable resources,
especially low-cost biowaste, e.g., lignin. Lignin is the most abundant aromatic polymer in nature.
Due to its structure complexity, poor solubility, and heterogeneity derived from biomass and
extraction processes, it is very challenging for transforming lignin into value-added biochemicals
and functional biomaterials. In this talk, we will summarize how we explore new synthesis and
functionalization methods/ reaction systems to attack these technical barriers. We will discuss the
development of a wide range of lignin-derived value-added bioproducts (biochemicals and
functional biocomposites) in the applications of agricultural and environmental applications. We
will also mention some of our recent work on advanced process control on lignin valorization. The
key problems during the self-assembling, catalytical valorization, and feedstock uncertainty will be

also elucidated by several recent works.
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[1] J. Gao., A. A, Wahlen, Z. Tong et. al., Reinforcement learning-based control for waste biorefining processes
under uncertainty, Communication Engineering, 2024, 3, 38.
[2] W, Peng, H. Bao, Z. Tong et. al., Selective depolymerization of lignin towards isolated phenolic acids under

mild conditions. ChemSusChem,2023, p.e202300750.
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Sun, Z., Bottari, G., Afanasenko, A., Stuart, M. C., Deuss, P. J., Fridrich, B., & Barta, K. (2018). Nature
catalysis, 1(1), 82-92.
Liu, M. Y., Zhang, Z. H., Wang, X. Q., Sun, Q., Zhang, C., Li, Y., & Yuan, T. Q. (2024). Green Energy &
Environment. DOI: 10.1016/j.gee.2024.02.004

Zhang, Z. H., Liu, M. Y., Z. Sun, K. Barta, & Yuan, T. Q. (2024). Chemical Engineering Journal 496 153942
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Catalysis B: Environmental, 2022, 121842.

[2] Feng Y., LongS., Chen B., Jia W., Xie S., Sun Y., Tang X., Yang S., Zeng X.*, Lin L.*, Inducing Electron Dissipation of
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[5] Feng Y., Li Z,, Long S., Sun Y., Tang X., Zeng X.*; Lin L., Direct conversion of biomass derived L-rhamnose to 5-

methylfurfural in water in high yield, Green Chem., 2020, 22: 5984-5988.
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7 EG JE i E st AR EH, (2R ZR-OK AR G (LCO) BE AR RS
L JasE . BRI ChCH s I 42 Hil v 7 4 43 18] (1 SUBEAH BV SR, SBlvA I AR
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(<1 bar) FHHT. R SIAE T ChCI-EG WA Bk 2L LCC 2 RUR, R AR
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(ViR N S/l S R s G SN v 2. Gt NI N CT S VS WP Y PN AL E e NN O R
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A S A LB/ R PR AN S AL RE B PR 3R PABe LR ERIFLIR . 0 A TR BIRE, 0%, FhL
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B BERFYE I — RIUAR R IE R A AR, A 1 A B il G0 R 2 S5 U B FH 1k
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O-Demethylation transfers the methoxy group into the phenolic hydroxy group and is one of the
strategies to improve the reactivity of lignin toward downstream valorization. This presentation
reports a new method for the O-demethylation of lignin and lignin-derived aromatics under
moderate conditions. In a previous study, we found that a molten salt hydrate (lithium bromide
trihydrate, ~61 wt% LiBr aqueous solution) can efficiently depolymerize lignin by cleaving f—O—4
linkage without causing condensation.l'! Further study revealed that other ether bonds of lignin in
methylphenyl, -5, and B—f structures can also be cleaved in the LiBr system, which led to the new
method for lignin demethylation.!?) For example, kraft lignin can be extensively demethylated in the
LiBr system, and the demethylated lignin showed excellent antioxidant activity and metal-
scavenging capacity, compared with the original kraft lignin.[*! In another study, the demethylation
ensured the lignin reactivity toward the crosslinking to prepare lignin-based aerogels for solar steam
generation.[*! In addition to lignin, lignin-derived aromatic compounds, such as 4-propylguaicol, 4-
propylsyringol, 4-propanolguaicol, and 4-propanolsyingol can be efficiently demethylated under
mild conditions, leading to the corresponding catechol and pyrogallol derivatives in high yield."!
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Figure 1. Retention of cellulose (glucan here)and lignin monomers yield under different temperature.
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AREIIGE, SCBURJER o7 PRI B R I % 40 Dy o B0 2 it B B B S SRAT Tl
RhCls. Lil ALK LiBFs (PRI, RhCls fEMHIEA SN, Lil 5 LiBFs fHEAGRREE 15,
ST 05 A BB R A % R R S . ISk, LB SERAR SR AE 9 JEURh] o 2
s B B B S, AATOR R B RS 2R EY, JREr s NxE, JAIIEH
T SRR ER PR B R T AT R, SEBN T DAL SER B R O SRR 6 EE AL A 4
M. feth B REHI AL Lt C-C/C-O SEWIZIH AT RNE, LI FANRTIR P 4-F 5L W EERR 2
PV TR I i) 8 A3 A 7 b 2R A = B LA 27 it N N- R 2, SICBL T 57 SR BE 45
A IRV e A D e BRI ELAL 2 o
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AT H IR TR —Fh =4 PR & 05 B 450 5 R+« H AT & Fhi 47 X
RN FEM R ITCICER I AR . AFTRAM, GFuee RPN . Fit, 0718 %
ARG BEAT THFIC . FRATTEE T AP R I AT BIPRR TR A 32 AR ik
fi) BC NMR BI04 B KRR E AR GC-MS Fl LC-MS 048 B, PAKEE 5 670 M 4
R, WARREMGEEATIRNGHT . SRR, RRRGH PR TR RIE TR, A7
FEZI (2-6 31) FFRghi . GLIF R MBI MR C-C S iE, FEUEg ATk
A ZRAR o X — 5 RN R AL A B BN . 7EX — (5 SR L, RATEA
JRERBAT AN AL AR & 05 1, B8 TR AT, R SRR NER RN, K
IAETCIE RN GEAE R, A8 FH B AR P A TR R Tk o P S 2 E TR 2 i I e 1 Pl P32 R 34
DAL &, ARBTER AT LSE %Ak, 707 RIRERIA R 57.1wt% CGRIRICE 66.8 wi%),
HABRIRTTRMF=HRN 16.7wt%, ZIF (2-7 ) FHRIIFHEN 40.4wt%, AFREFITTERA
JUFEAC K . G5 RFIITEMATINE ] AR R 40 o 05 B % [HEH N C-C 8L F4
Wigdp=A: 7 IR Z A5 48, R AL B K B 3 P AR 2 IR 55 IR I 4504«
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recycle solvents by itself? Fuel, 2024, 366, 131412.
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RIFEFYEZ R RN EE N BRI, BgER, PR AR RN
DA 274 3 A BRI 4 R UG 25 0, Ah e A o B AR R0, B B . AR
R RBATAEA LT Y 2 A A 5 T ) A

ARBERMIRAFRIRARBZ MR — DMEREIR G, 7SR Ay N M. B A 2
REDFABIRIREL, AR EEAT 708, & MRA AT 3RS . MARBTE C8-CO Bk i
i & S, FREKRREE . TR I Au/CdS T IR ARER I BB R R R BETEE . Au ()
SINSER TR T I B RCR, it TGRSR N, HE— b Ui 845 2 5 4170
Fekelt ., ST R LT YEAT A B SO AN 22 Je g it — il OGS R A TR AT
T B TPl A R B TR, AT R & ke I3 s Ros b dh . B IRIRIE 16
MEACIITE, KB T =R T BRI 25 6 0o AR PEAE A GO HEAL R & ML
B R B FC AL AR R B2,

BE— BRI IT TR 3R B A O e . H AR W e T Sl il e (> 400
) FLEL (> 200 @) AR %, W, BEFER. ERREY IR TE R
AT 30-55% 1) ALK, FEAR CIHAMAVE, Wb Eaife. KRR T RhEIA A
B FHE TS, B BAA R — AR 5 AN 2 P e Rl Aok, RSBl 1
BORAN AT (< 200 @)4= 45 B2 U5 B 5 F b plad 7200,
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C—H BEN R AR G A A A 5 1 B s )R Bi 2 —, B C-H A
Ak A PR AR I m RO A I FR T I BBk [1]. TR RN, Ll SRR AL Y RE
A e C—H SEREIL, SATIAR DG R ML M A B . A TRURIE 7E BT B AR AL = A
AT T 2 AR ERAH OGN C-H LI FE b, FEmr= AR =W FRATHIER N SE
RSB NTHER T AR LN E S - R (ET-PTD AL, 48R T 511 A
HLIF 78 (CPET) MR BLEEAR[2]. I X R SRR A B BRI O B J) i 5T, A1)
RINTAHEA IR C—H BEAA DU BE S, 177 FLiE G 1 ET-PT A% Hh A= j 1 5 W B Al
B, SR BT I AR R S BUR S R IR GRS N . A AR AL AL
CPET Je i, Tk B AP IR R IR, HAe 220 ET-PT AR M Pud DRI, JE
TR S 115 5 BT A5 BI R E R FRIE R, v T CPET AL AR M AL R SR ALY
ZER Y (B—)

RG—H RC—H RC:
Surface & Lok B o A o coupling
himRavey 20 (T hS LR T L =2 pe, P, pe
IL_TS———_?_T : Kper === K.cpet e Kad2 RC- (s RC=CR
: e v ] kETH ker
| hb PRSI eb} : R:C"—H RC*—H
Bulk | o ;
A -ew fouo, ey Kor
=220l Kaas 1222
l— Electron part —| Surface part ———
K, 6 xc
r =k x Ad1 "~ “RC-H x ht
CPET ~"crer” 2 x (Kags * Cacnt Kagy X Crg. +1) s

_ Ker x Kadt x Cpe_yy .
MET-PT= Koes 2 % (Kag1 x Ca_yy+ Ker % NS X Kagrx Cpr , +1) * hs

Bl—: FPURIMATRATE NI C-H BIEAL R S) 712270

S R
[1] Wu, X. et al. Metal sulfide photocatalysts for lignocellulose valorization. Adv. Mater. 2021, 33, 200712.

[2] Wu, X. etal. Zinc-indium-sulfide favors efficient C — H bond activation by concerted proton-coupled electron

transfer. Nat. Commun. 2024, 15, 4967.
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A ) O i P A 2 AR T IR R PR D BT AR & S T R 7 A s S A P 1) 2 R
PR H B2, RAEYFUED B RS SR B R B 20 KISk, SefEtkml
HEBF TG RO B 755, 0 H B N E R IR BORA R, 280k
W0 T T e L) 503 AR 7 40 R e 3 e A ) PR e

A Fsi MR (e W NS il BN A 7 [ 7 e s = R 75 1 N BN 397)
e, KA —8PBIEESEIART R B-0-4 B Co-OH HIEAL A S Cp-O B 1)L 5 i
R, AR AR AR, L ZningSs AT, B AR &R B-0-4 BLALY) C-OH &
MR R 2 Cp-0 BESLHL T AMB; 0 AR, (RIR B4R Cd FEkTE Zns fiEfL
I EA BT IR FEIET 2L Co-H B, AT B e 0 (SCS) HLHIREA TR p-0-4 B
VIt Cp-0 #EW. fEULIERNZ b, #FR TAERILED CRRIREIL cdS FRTH 12 73R4 AT LA
et 7O 2RI, WA RT Co-H B, WA F T2 SCS MLl FF et A BT R
B-O-4 BLALA) ¥ 2L A BT ),
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S MR R SEIAT R C-0 B C-C B mnE PR . AR SRR 1) EE A
BB G, AR I B A2 A i B IIME 5 B P R AT RR AR . AR, DGR TR MR
TOKBHBE RIS i AR BT F M SR RE ) TE i ke, ROy — M RIS % . 28, LA
FCAEACTIAAAETT DGR |« I BMEZE R A R TR S A 1 I & AR — X, A
WA B A A Sk 2 [ BAT R A i S B 5 R 45 Se il e B 1 -0 48N C-C S
WA RN, En] WD LED (420nm) HRGFTR, s MR Ri4h g4 18R 12 s Al
A IRTEE, BARFURBRMEY) 2- KA H-1-K O C-0 BRE AL R NI L,
FEE Gy IS 94% 1 80%. AL, LRSI AL TE =K C-C BRUIE], AR R OR FRERT R
K, FRRS N EIE 78%M 62%. JEIL FAL XPS R 12 R FEAE 155 R AR BE— 5 I0AIE
T RRGE N RIATE S BT 45 TE I B AL R o 1) SR F o ARSI AN R AR AR )
JoR G R PR SRR AR T E L R R SR A
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AT A T I 0 e SO PR kD B IR TBORT I8 5ot M A8 A 52 T EL AT K o AR £F
RIS BT IR, 1E AR A ORL R A= Al i) i 4 JEORE BAT T R 14
A5t AT, SAFAERMPEAHERMLIL, AP FI R AED A E AR BURERAR, BN
AR R R

ARVR RIS ERR ™ 1 5 CsPbBrs 53U R U FIMEAL B, R T —Fh AT 1wl Lo
AL A RN, SEIL T AR TR mAUE AR E S F LAY . 5OHEmkK s
YIEALFIM LE , 1% Bk R 1) TOF {EA]3E 476 bty 321 1 17 1%, AL FI A IRK L) 100 1% .
BeAh, %R R RS SO SR B BRI R S5 BT B . REY MR AR R, BT
Pb FPEECK, DUMTER A% i AR T TS, BATE—B K@ T CssBiBro 5 CBrCls B
FICHEALIR 2R, %0k R AT LB WA B-O-4 5 o-O-4 (1) C-O 8, FALKL 99%.
ARFRE M T LU B A R S MR N 5 . A TR LA ZnlnoS, HOGHEL I
THMEA AT Z I SUT Y S AT IR AR, 5 CARIE R Au/CdS S AL RIAR BL B I e om By o

- B e —

BDE: 227.8 k/mol

on . i g i

Route2 (N © Bseission _~ A, — i i

z &2 H H

HAT at C, H H

BDE: 66.9 kJ/mol H N

— i

Route 3 O Reduction A0 B-scission H on

roces MM Q=T i
Dehydroxylation H H

B 1 EInE/iE RO AR AR TR B-0-4 s &K

S 30k
[1] H. Jiang, M. Liu, X. Lian et al., CsPbBrs quantum dots promoted depolymerization of oxidized lignin via
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I, i 2™ FE R SR e AR 1) T AR IAEE, EORIORLBAT IR R IR s PR g, RDBUIRA)
UK AIS SR o

LLEMIT T 6 A 5 W0 JEURH 26 e 5 BRI £ [ 2 T R 5 FRe M O R 4 R AR oK
o ABEH LKL ERATEY, CIEAE (B, Wi (5. FHERSANEY CF
By, RHEE. BRI R, AHEMRSENERL, KBRS, Fa. e
FRAEIR I SN, LT ] 2 v il PEAN s I BEVERE AL 7, R S s R B SR BTV, SRR
VIS RHR G B A . B B SRIR, YR, IBER DL K 2 A5 IR, % R T i
AT AL AR JP-10, JEIL GI A SCEERUEE SR IR 458, R EeR R (R TR 1
e R TARAIF AV SR R R E R 5t 1 HEALR
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AR E A H AR T B F = AT A D AR B A2 AT BRI 3 T A 0 A A S 1
BARERE, RBUR G R 281 K 2 AR 1 SEIIX — B AL R A i KBt 5 0 i

WRIEAKE L TR L RS FRAN R SR AR B R a5 Re 5, AT 7 — RBIZ M
AL FITT AR ST 7T, SCBL 1 i 53 5t < BB AR D AR O <z o M AL 3% 2 PP P T
oo KB TAFREHIANT AT LA A S = R B R O AR, JRSCBl 17
A I ZEAE T 1 o BT XA 2R B P W SR IR IR E s et T AR BR 2R, SE Il 7 AR
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RS ZR e RO PGS SEIL 008 g H bm B LR S AR, AR SRR b 5 A AR
RHE- T BUR T3 RO 2AK . AT 5 05 S5 R IR . 2T 0k, RATRAA T 3V 7
SR NRET SN, WEFT T AN RIS TR R AR S AR K R, IR A DFT iH SEAIER
WAL SEIS AR S5 & 1T BOM AR BT R R IE S A KHURIEAT T0EFL . RIL, RBTRER
FETY B AR N AR T F L (S BT 1 H R4 B i BE S HE LA A o-F2
IR ST IR IR 2 [B]fF) CH2 Br( 77 ST IR R & . (EULEEAl b, BT &R iR
RIS E . ZrO, BRBRAFEIE AT I LA MoOs AT RIF C-C SEWT MBI RE i, M2
1 LA Ni/ZrO,-MoOs AMEAFI KA 2R A M 5 H R 1A &, £ 250°CH 2 MPa Hy 2464 R B 4 h
AT, K13 T 15.4%00 IR A 5.1%01) 2,6- — HAR-4-T 3L 2K Y KRR R I RAE S R E W
ZARALTT AT LLSEIUAR B 2 S Hoe C-O Fl C-C #HIA 2%, F4H] T G HochIEE, #t
MRS T IR . 72 250°CH1 2 MPa H 26148 NN 4 h J5, 3R73 T 15.4%[0 S IR A 5.1%
(721 2,6-— FAR-A- IR R s B0 MO 7838 J5 it 2 rh g 35 40 6 A6 9 (R IE 1R ) MoO, 4
ol AT BAAES 1 AR AR RE A R, BINEE —iE 48 Co, FIFI4:JE Co Al Ni (A ELAE I FEAS
A ORAA G B FE , AR EE MoOs ¥, SR AL FIMA T R A MvE v . TERCEE R,
BRI A 26.1%, H 2,6- - HAH-4- TR I I ICRIE ) 9.3%.
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WRHE, B Amg A (S, RBREFYEZRAEM R = KA (4R, L 4ERMARTR)
MEAZES, S8, HAAEZMARRKA S, BT MR EY RS, A5
A RAR. ST AV R 3 2 A A E A LT QR M AT O 2 H b, RBTRAEAE
TiAL P 5 B B DA ] (AR T A AE o« IXEEAR BT RATAE A TR B L. KR " Tk
SRR, T AE S [ A i D A 2 B URAFAE 2 18 2 bR

AR R WA 73T AN T, A B ARATEE AN R AL 2 BT R A AR 2R, 5E R BT
ZU0EEE, SEIURBUET 4E R RV s FEE S B . SRR, BT B R ARG T4
Ha JT R AN TR R AR A e A SRS i R AR R R LA o i o R AL, SR B AT X S e A
A RE IR AL o
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Fig. 1 (A) Schematic illustrating the synthesis process of the ultra-high nitrogen doped carbon, (B) Schematic
illustration of the synthesis process for hard carbon with local graphitic lattice, (C) Schematic illustration of K*
intercalation and co-intercalation of K* ions and solvents of HC in ester and ether-based electrolytes.
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10 Z3 5, B H AR R R TR T 1k 67.8C . AR I BT 58 4 5E T K BHYGBKE) SR
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EEBREE R

R
3

1. RERZFRDERE MR REREMATIMRIZEEE ., SKFIRE

SE 3k
[1] Y. Zheng, T. Liu, H. He, et al. Adv. Compos. Hybrid. Ma., 2023, 6, 53.
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[1] Weijun Yang*, Xujing Zhang, Piming Ma* et al. Preparation of vitamin-g-lignin nanohybrids with excellent
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(3]

biological activity and fluorescence performance, Biomacromolecules (In proof)

Weijun Yang*, Yanlin Zhu, Piming Ma* et al. Multiple Structure Reconstruction by Dual Dynamic
Crosslinking Strategy Inducing Self-Reinforcing and Toughening the Polyurethane/Nanocellulose Elastomers.
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i (CDs) f&—Fiufh R MIHETHEVCARBAT R, R4k = )i BRIVKTE S siIfiZ
R TIBRGURI R 2 — o HBA LY BNELE . PR @ MOE TS, EAYE
2 ARIEAMAUREALF SO EAT RIS E 7. RBR T EA KRB LS, HR
HAETAERRL X5 e a SRR KRR IRRIE 5 B 1) CDs Z5MBONAIL, /% CDs
T AL IR o SRR, ASHEFC A LA 2 Pl AN R AR I (A 57 2= B AT A0TSR KA
WA 2 B S TR 2 T — RIIIARFUREERR 53 (L-CDs) » FFXS eI EALTE 5T
G IERE AL HIBEAT RGBT FT, y L-CDs [ Ak Re e 4R 4t 1 R ikdlE . 2R
i, AT TAEY) R ERIER . L-DUIRMBRANTESE) fil %5/ CDs, L-CDs HI& /™%
Voo HONBE L-CDs BN, $i2 Hh A AR I S AL SRR A T 3R . &35 2 B L-CDs
R GINBEE PRI ST BOS), SZPLT L-CDs SOGERERIA Rt Tl FHBEE 2+
BEHIARBIERB % L-CDs, W 7 ARBIZR D> 78X L-CDs 45t 5IERERIRENT, SKBL 1AL
JEREAS S ol ] o] s = PEBER L-CDs, FIJ M 7 HLEEmapLi] s DLEGE I 0 A AR iR T A
L-CDs (it e, AEREEABIZRXT L-CDs R KIAHEAR H XX L-CQDs )tk RECi ¥ 1
HLEE, AN T RIRAT T4 R BHE B CDs [,

ChemSusChem

Fig. 1 Preparation, properties and application of LC-CDs
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AT AT e B E KR B [N, KRR TS0 ZRE R, fe Al BRI
HEARRE, WM ERE SR, D RIIR RS LR b, RBRIENRIRS 2 sk s
DriThaeteit, el b BA — RN UME . AHTFEAL SR B LR R AL LA A
JER, B — R R AR B R R R R A IE ) . Sl AEPI AL (IRZDEAE 2135 ) bk
TR, PR PRI R MR RL X £ FR & BRE TR, SUEYF R R
PRAEVIE MR BEERERY], 5 H IUREALAT L, AR5 R 5 R A R A AR 25 18 0 1
SR SR ARSI, e A AdE e T RAE . REARERRSE. [, K
Jo 3R FE R R A MR R i A FRAEL PRI IR 0 WO RR R, e iR A KA H - &
B2 B SR AN o SRR AL — NIRRT A, it D IR TR R L R IR
PRERERT LI AAE L], A FER B AR b X - S A PR ORI ol A M3 AT AR S 0 47 5
CERRORIEARL I, ZRME IS S RS TR TR RS A
IEARSG, MIAERELLIE R, =R M M 5 33 RO AT HL B AT B2k IEAH G . ANt
Foh, TR RAEIRIIE L LR, AFURIEE R A Mk IR RS =, i
WA 2 A fi i H AR A > H IR R BUR I T RE . 2T EIRTHE, AR AR
R EATCMIRT S, Al AR R MR g IR MR s, fesdt AT Fr e R e
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BLHEKG RIS AV PRI AR R 315 KR A T8 B B VR RS R, T8 R AT AT AT AUS 9 )
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[11 Z. Gong, G. Yang, L. Huang, L. et al., Phenol-assisted depolymerisation of condensed lignins to mono-/poly-
phenols and bisphenols, Chem. Eng. J., 2022, 455, 140628.
[2] G. Yang, Z. Gong, B. Zhou et al., Hydrodeoxygenation of condensed lignins followed by acid-mediated
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117, BUAT (KB 48 5V 2k . AR LSy, PR T2 N - BEAh, X SRR AR
A R AR E PEAIPE RE LR TG 4R T o N 1 R IX S PR, BATERHIFHEA T — RAIE TR
JRER DGR RS A 2R 5 PRI AR S A TR TR 0 U ) L

1. SEZWMAENE PR RA R AT TR TR RN B RS, @il
Bk K-2 — 8 (EG) Pkt T B ANUKEHL . Z/KEEIAE-40 2 60T FRIVL R,
ARG R ML (O-TENG) {EARIRIRFE 7= L Rt FL g -

2. Ti-Z Wy ih A B ML R S 1R HHAR-2 By A B L R GE, T DRk 2 BB = A B RS
B A3 FELRBEIR . BRGS I B IR B (APS) i H HiZEAE B, 2 A JuAs g it S i R 1 2R
Ho KERA T B AR BB RGP R BN (TENG) , RIVER B HERMAEBE. A
REBPREIE, & T B PERERAR KT 26 A ) 27 BB A ks -

3. RRRMPMAR GG BAT WAL 2R FAT K T8I DMSO/H20 —JoifiliF AR
= HAURGUKRBRI 7 i, JRE R R H AR K E S AL . DMSO {3k
VETIVE AR BTR AN PVA BT, SEELNRIIOR 5 2B AL o 12 BHR R 5B LR (-
80C) MIFFALRIEIERE, HAPUENAWINAE ST, &M TRIER T iash A 2145 5 R

4. KBRS Z DIRECATAIER: TATEIE AR A AR BRAKBRIF SN R EY
Sk, PR T — M2 B FRIER, B T ARHIH UMD AR RE . AR SR
G A RV E R T TR I 5, A BB AR R RO AN AR I 2 N

WA T AR R PR S &, BADT R — R AImEY . w5tk BBE
AT E R B AR5 K BEIR A e o T EERRIAE A AR NI B AT R 7R 1T R L RS, O
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3 - K PR 5 S 55 A AT FE L2 T i, DR AP ok L 5 78 e o P ) T A7 A
FRPRARN . BT /9K R AR DA I B8 vy i P P K B e — ol m 47 1) 50t S g

o FHILE AR RBEEEN (LS) B0 HBIR LMGRE (PVA) Wilrh, 3SR — PR s o
TR o AR A3 H 285 SR 35 30, S IR 26 1) 2EL 25 A J5 TR 3 3 2 B IR F LS 5 S MK
5% B2 P 08 45 A I T R 20 B30 1 o DA TR /KM R LR A SR OB PR R, i e i P 24
420 MPa, #IRIEEZ)N 14 MPa, FI1EZ108 S0 MIm3, (EHECNIES M kBRI AT % -
R ONTEIRE KB JLAh, LS IR 2 7 /KBRS MARIR AR E I (< -60°C) PUH
PERIBUER ML RE ST (R100%) o HTF IR R W] FAB I SZ 40 7 T /K EERIESE T LS 9 %
Re7), ZAe IS HAE K EER R 3D KR Ak, HIG5RKRL PVA ZKEER 1R R85 . 8
IR ERORIY LS 5 B A AEWAH VR PVA 46, QI — N2 IhREMIKEIR T &, DL AEY
B2 TARMRIAIMROL AL 1 QT A 2 BT U A P 1 2

Y '\"

Ls., soaking PVA,-12 hydrogel
Hydrogel pattern

P 1. a) LS A 5 PVA IR 438 ONE 43 T /KR L b) B /KR I 28BS 1T 2 (R ME 4% . ¢) LS40
R PVA20-12 /KB T AR e = 4K B B Gl FoR =B d) LSA40 R PVA20-12 KEHIE ) 3D i
FIZ I . €) LSA0 iR PVA2-12 /KEFIRAE-60°C T HL iR AZJy 0 F1=375% I .
SE R
[1] C. Rizzo, P. Cancemi, L. Mattiello, et al., Naphthalimide Imidazolium-Based Supramolecular Hydrogels as
Bioimaging and Theranostic Soft Materials, ACS Appl. Mater. Interfaces, 2020, 12, 48442.
[2] L.Xu,Y.Qiao, D.Qiu, Coordinatively Stiffen and Toughen Hydrogels with Adaptable Crystal-Domain Cross-
Linking, Adv. Mater. 2023, 35, 2209913.
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AFEFERRBARATEEREEN S ERSHEY, SAZEBE T HABERATAER,
FE 5 48 B 7 B AL 2R AT N 5 T SEBLN . AR F b BB 145D o LA ZnSO4 /KT
NHABIR) Zn/MNnO, — IR I AMY LG LU S AR % P iy, 1T LRV ARG, 24tk
B SHORE S, RSP B — UOR P A TS 5, ARk i i I 5 77
FE L, TERIEAGRESUIN B I E K. RIS, B B, Bk,
Pral S Ul vl B, 380 Zn/MnO2 FLI IR IE PR RIS 26 55 b A M e 22 . AFAL B AE
HE AT ZR () = A PR 5 MR AN 2 465 8 B 7 AL ZEAT NIRRT 51N Zn/MnO, IR HLL A
Ry ARG R AT T HIB R, AT T T B A R B s B A A

ARG T ORAKVELF . FLIE S5 BB 7 L S m R R R (HYKL) $57%
WA HL A BT (HYKL@GHED ; HYKL 43 A 4R T 1 7Kk AR JST S A7 20 I g ok
et Zn?H PRSI AE /7, RIS B8 X I 33 5 PRI 55 7K Rt JSC VLA 8] 174 T P A 2
SNRRE AR BT HYKL@GHE #4381 Zn/MnO, LIl RE R &F, 7£ 1.5 A gL HLiR
BEFE N Fe HCEAEER 500 VK5 R EL 2R A 92 mAh gL, HLFL MM AR IR JE B SR T TR, B
BERCAR AR =) (ZnaSOa(OH)s XH20) Az filte E— 03 T BS Ak L 2M i T AL AR IR 2h AR
JfiZ (SKLos) 524 B /KEER AR (SKLos@GHE) ; SKLos@GHE Lt HYKL@GHE [1)
PRoK PR o HLIRGREZ K B 7 S s, ATRERTE Zn/MnO, IR G dir, Al
FHZE 1.5 A g LR T 78T BAE R 4500 YR R EL 28 BT IR 71 mAh g2,

BEAh, AW FILIRZR TR R R A AR 5T R (KL 43 2% 115 ) 5 i — % £ )% (PVDF)
)2 (KL@PVDF). PVDF {2 R0 B0/ /K . A58 ildzfn, H KL #H7% 7 PVDF &
JERIFLIESE M, (E/3 TR KL@PVDF /2 54 RIFMHNT EMEh. fedt zn2 5900
FARIRE ST, I FLE 253G 5 1 B A5 KR P AR (8] 1) S T PR 2 S SRR g PE AT AT P s T
KL@PVDF ¥R [EE SR AT 1) Zn/MnO2 FIAMY SR MEREDL 5, HAE 1.5 A-g ! %
JE R FEHCEAEFR 1000 YR B B L 8 Bk 94 mAh-g ! BhAh, A EIRJ§ KL@PVDF %2
SEUF, BESURERIFRE, TR (ZnsSO4(OH)sxH20) .
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ARZRHE AR IR AR o B PR R S RLAE A AL RE A BRI IR ™ L A 20N FH A1
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JEHAR . XIHACKEA By F3THIERHO R IR, IR RS ATIE B, EHAE A A
RAFFRMIAE . BEAN, XA AT R 22 . ThEEMEA R S8 IR, SR BUEAR = A
e ez N BBy, I R A R AR ) 6 T AR L2 D RE AR, FES) Rt R A
R AR, 3 FLAE SEBn S rh A AR RE < BRI 7T, 128 SR ot 2 A AL R D
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Enhanced bond strength of lignin-based thermosetting adhesive by

phenolation of organosolv lignin
Zhulin Li, Yongchao Zhang, Yongzheng Li, Yingjuan Fu, Zhaojiang Wang *
State Key Laboratory of Biobased Material and Green Papermaking, Qilu University of Technology, Jinan 250353,
China
* Corresponding author: wzj@qlu.edu.cn

Phenolation of formic acid lignin of pine wood was conducted under acid-catalyzed condition
to increase active sites by phenol grafting. The phenolated lignin(PL) showed an increase of
phenolic hydroxyl content from 0.44 mmol/g to 6.12 mmol/g. The molecular weight of lignin
decreased significantly from 4112 g/mol to 1923 g/mol after phenolation. Lignin-phenol-
formaldehyde adhesives(LPF) containing various percentages of phenolated lignin (LPF-30, 60, 80,
100) were successfully synthesized under alkaline condition, and showed superior performance in
plywood application in terms of curing temperature and shear strength compared with commercial
phenol-formaldehyde adhesive (PF). LPF adhesive showed a lower curing temperature of 124 °C
than 128.2 °C of commercial PF adhesive. The shear strength of single-lap-joint plywood using
adhesive increased along with PL content, and reached maximum value of 6.20 Mpa, much higher
than 2.98 MPa of commercial PF adhesive. This work reveals the positive effects of lignin
phenolation on reactivity, and provides new way for lignin valorization.
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Figures interpretations: (top left) 3'P NMR spectra of the formic acid lignin and the phenolated formic acid lignin
(PL) for quantitative determination of hydroxyl groups. (top right) DSC curves of phenol-formaldehyde adhesive
(PF) and Lignin-phenol-formaldehyde adhesives(LPF); (bottom left) The viscosity development in the process of
LPF adhesive synthesis; (bottom right) stress strain curves of PF adhesive and LPF adhesives containing different
amount of phenolated lignin from 30% to 100%. LPF adhesives were cured at 145°C for 6 min.
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Fig. 1 Synthesis of lignin-based non-isocyanate polyurethane vitrimer and its application in
adhesives

X#iE): AME; ERFRIEEZNE; HEMAE; vitrimer

SE
[11 Xue, B.; Zhao, W.; Li, X. Industrial Crops and Products, 2021, 168: 113583.
[2] Tang, R, Xue, B.; Zhao, W. ACS Applied Polymer Materials, 2022, 4(2): 1117-1125.
[31 Yan, Q, Xue, B.; Zhao, W. Polymer Chemistry, 2024, DOI: 10.1039/d4py00511b



FEEEARRMEZEEARZAFNSES — B E-REEMRE LS A ®’IE
FH - KE

TARBJINRRRRMWEREGEARMENA

U%S’Jf iﬁ%’:;}t, 3/4%*
Jestpkb RS, MRV E SHOR R, dbnt, 100083

*Email: xianghao@bjfu.edu.cn

2 0 A WDV AR B S A AT D e AL, ML R A A ORI N SR A fin PR . AR BR R A
Y2 0 B (1 S AL AR 2y AR IR R VA L BB AR K B 4L R B 9K A R £ RT3
LA, iR R G T LR AR T AL AR, AT A R S5 R ek /731 I T AE 48
KA R HEN LK 10-200 nm A F] RF FU, FFSEIL— DR 9oKOR B 3R R i A7 3R
Bt — I, Pl #1520 A KA 2R I 3T SOV R E RE R B, it
5% R QUK EALAR m s R EBA A RL DA S v s BE K R 77 (~18 MPa); 53— 5T
Pl 26 45 B RDRHE REZ I L S0 A 1) SLIGR R, PR BE R FLIMR AR, PR RE R Fa 8
M4, SEBL T R 2 REM RHE R 2.

FEL AT TR, BATIE— BRI R 7 5 TRER PR AT R R AT R e %, i bR
ARSI NN T AT, 3 — D IREPURAR R ST AT, % T DU A TERE AT 4%
IR ORI DR, T SEBLAE ) 4 BE AL 7 e (7 AR DI RE R B8 H6 L, (RTINS 58 R T 3R R Th RE 4L
AT RHE BE RS R B[R] A 425 o

b o
perforin Molecular drill toolbox

M\GJ\»*

1812 gy g
f\ § Targeted G"VL/H o

cell
¥

ocal ‘,anal\

: € G: . “

Performance

mutation .
4 3
P Y = ::3» y
g— ‘s’ 100%
Death ™% Strongest Formaldehyde

Tou h el
nano-adhesive ghg decomposition

B 1a) R RGELR TAERE; b) (iR S AL as AR iR AL ik

B3Rk

[1] H. Wang, X. Hao, F. Peng et al., Perforin-Mimicking Molecular Drillings Enable Macroporous Hollow
Lignin Spheres for Performance-Configurable Materials, Adv. Mater., 2024, 2311073.



- =
FNEEEARZMN LSRR EATTEE —F+E-RAEMREL ST R ®RIR
FH - KE

AERREMBEMARMROTIEMTRENRA#HR

EhA GREEH) *, A E
FrE TRy AP RS S (G AR 5K TS =, BERE, 250000

*weikun0709@126.com

EMAREYF RS, KRR, 2 Mgkl .. EMHENEE. L. &
B v ) AT P AR AR BEUR . [RIRNE, E SR IE AR AR M ORI T Mk, R 3 2 — Rl =
Yo, NI RZ PR KPR o 28T A BT IR AL A5 R R 0, N E RS DA PR, AR
BN RS O BEA R BRARIE RS o BTk, UE HE AT B AR T 3R M I T
KPR T SR B B A0S P T A o AEAR AR T, AT DR JA TR F H A oA
JRERAED IR ZEEEDY “ o018 T)7 R FURT R S S A R AR K s T AR O
BCREAT A il K i B A O S B A A RE AR o 2R B IR T oK S i 2, SRR TH
B B <5 R (A HUAE SR AL A58 o PR R A P B AT S PR TS 0 o 3 e ) /s RS s A7 3 i Y
BRI S PUR AT RS- T HAE AW R 255 UK N FH o A 58 AR I ST e Xt 142 % AR R
AR B 40 R N AU, ST HIARRS 404k T AU S S B AL R0 . e ek, Wi A2
TR A RPIR AL AT T AL 75 5K DL 3 i AR AP = 2 S U B 22 REPESE 8 By
HERE .
SE 30k

[1] Yang Wang, Weikun Jiang*, et al. Ternary systems engineered conductive hydrogel with extraordinary
strength, environmental adaptability and excellent electrochemical performances for flexible power supply devices.
Energy Storage Materials 2024, 70, 103483.

[2] Chen Wu, Weikun Jiang*, ef al. Green preparation of versatile silver-based nanocomposites using whole
biomass-based Tannin-Furfural as raw materials. Chemical Engineering Journal 2024, 489, 151407.

[3] Shunli Li, Weikun Jiang*, et al. Integrated preparation of functional lignin nanoparticles and levulinic
acid directly from the pre-hydrolysis liquor of poplar wood. International Journal of Biological Macromolecules
2024, 265, 130906.

[4] Yu Yang, Weikun Jiang*, et al. Preparation of strong and tough conductive hydrogel based on Grafting,
Fe3+-Catechol complexations and salting out for triboelectric nanogenerators. Journal of Colloid and Interface
Science 2024, 661, 450 - 459.

[5] Wenliang Wang, Weikun Jiang*, et al. Microwave Depolymerization of Lignin via Dynamic Vapor Flow
Reaction System: HCOOH as Pretreatment Solvent or Reforming Solvent Vapor. ChemSusChem 2024,

€202400151.



FHE - KE

AREFEE D ITEIHARA R REEBRERZIPHOEA"

v AL, RS E ) PR RE
e polk K2, Jbat, 100091

*youtingting0928@bjfu.edu.cn; xfx315@bjfu.edu.cn

TR 2% FL 7 i R L PR 7 0 P T P38 S D0 35 A Bk B 2R 4 P 45 52 R0 » Bl A 853 1) AT )
FREER RIS, IARATRHE i REBL % TP AR B 22, RBUR A L (RRA RS
Z5K, O MRS R R AR, Bl T AR IR R, MR RS R A S
B IRk . 3D FTENEOR AT H ROE AR &« R HE 1 45 H 42 6 e 77 LR =k
ZERHNERIIL S, RS AR IS DU S IR it B BRI 1 (& D

B, HETARBEBE M —FZ et EaITR (FDM) 3D fTENZdf, JfFT 3D 4TED
IR . S5 RRYIIXFAT ZKAE 3D STEIEEAUAENUIRERE . 5 HMERBHIR RE ) AT AL fE
T RIS, R A A B AR RGN 02, R, BRTARREIIR T —
MEE R TERE R 52, IR ISR ES (DIW) 3D fTEIEOR Bl 4 1 B B HE
FILH N 3D R . SREN], 3D JEHMRSEIL s T AR EL AR 8.6 Flem?®,  LE[RIF)E
FE R HCIR B AR 4 0.9 F/em?® it £ 10 45, ATVEDRAL 5 20 B 2 s A BL o BRI ZAb, ik
ATUAMADEE A (SLA) 3D 4T ENEOR R E AR FUR R B AR SV Mo, LSl 4 [ 28
LRSIy e

FDM

Package

J

Solid Eléctrolyte

AII-salid-state

DIW ‘ Supercapacitor

Electrode

K1 ARBERSE 3D FTEIE LA s A R B A

Sk
[11  Ye, H, You T*, Xu F*, et al. Ind. Crop. Prod., 2023, 205, 117454.

[2] Ye, H, You T*, Xu F*, et al. Polymers, 2023, 15, 2806.



T o* . o =
5 4 ey & %
SA"_— ‘:/ \“'{-f- &
=) Ned

FNEEEARZMN LSRR EATTEE —F+E-RAEMREL ST R ®RIR
FHE - KE

RERAR FRFR ARG~ MEDT RS EMF S ED TR A
RitEMEK

x| 3% L2 F FIx
VPRI SR R, B, A, 310030

2 ESEIR =, M, HFE, 450000

* wang_lei@westlake.edu.cn

RS 24 A 0 O R o b S B A Bk e R IR 80 B b ) B A R 4 o SR, S R R
b R DR B R BT R IR FE A BRIARAN (R 7 SRR ) 1 AR W BORS Lol iy T R 3 —
T MRE AR R R SRR B S B0 E R, s B R =0y 2 — AN H.
FERAS IR o] A 20 i b R IR R AR R R B, R B PR IR R R BT 47
it LI R E IR TR KA AT Z S5 L S T B bR R R R R . AR, X LSRR
A BB, HE T EAIA A AR, R R R E G R T AE il U™ B IR REIA

PER—Fh 6 (W RT B AR A MU SR, RS 0 b Ao 36 1 v P 40 2 1 2 R L v i
TR I . A TE R DR IR R AT 3R BEAT K BY), AMUAT DL s SR R 4 6 KRR,
M7 HLI 5 BOK = FEAEUEE P /D Ry J2 JEE PR 386 0 o T 50738 P 85 A 8 HL R — P R 11 4
JE B FEAR, B S SR B T ORSR S K RS AR T A KRG IR SR A 2 () o ) R 4
JEIEIRI I BE, TR BERE A AR K o AT 3R AR R VIZ B, A UK AR K 22 A ) o
B A IR AT R BE PR FE VAR, 36 T LA 28 v L3 MU & i R g b DL N
REF MR e RAEHUR B S EOE Y A RKANE], B3R E ARG U R SR 8

’ \ p:‘:::.w‘ WAL
3l R
= —
OCH3 7KIN 7 Wi OH
OH OH
GNP K=y e EY ALK

SE 30k
[1] Matsushita, Y., et al. Solubilization and functionalization of sulfuric acid lignin generated during bioethanol
production from woody biomass. Bioresour Technol., 2009, 100, 1024-1026.
[2] Liu, Q., Kawai, T., Inukai, Y. et al. A lignin-derived material improves plant nutrient bioavailability and

growth through its metal chelating capacity. Nat Commun., 2023, 14, 4866.



i 4 ¢

H )
Y 4 \) g
Nizr 5) & ',‘?‘*
S L

FNEEEARZMN LSRR EATTEE —F+E-RAEMREL ST R ®RIR
FHE - KE

AR EREAKAEE Ru B = EFIER TSR K

e GREEHD , okt
HEBHE, HE, 266042

*yuanbing@qust.edu.cn

TORHBE (DPM) JARFRIE T OKH S (HDPM) A] A 2 S48 = W bt F Ak SO A i
HE ARG —H Ik (DCHM) 5447%) (PHF) 28BS AIEA
WAk, R BB E D BRRHR IR0, A AR PR B R B RN (SLS) IR K
oA RE RE AR, DABEBRET N AR & 7 AR E T KA Ru 44 K KL 1K &
Ru@SLS., 53 7 DPM M HDPM H s &AL A . 7£ 80 °C, 1.5 MPa & XM 4 h iR
%M, DCHM F1 PHF HCR 25 A 99.1%H1 98.8%. HKMIALIAR 5= EA H
Oy BSHRAE, RIS RS B RS R A . UV-Vis. FT-IR. Raman. XRD. XPS. HR-TEM 4§
SNTEE R, SLS M8 T HERRET RusO %0 IELADIRAS, KBS ERARFLAR T T HUR, 2544
H R R R34 Ru 3 JE A Ru®, AT il £ H 7K A AR UE 20 B Ru 99Kk 4L 7, /£ DPM
J% HDPM [1)375 it R AL S A s 2 e I A0 S5 R0y 1 e R ik R A e 1 o

—— [Ru;0(0AC)JOAC CH,CO00"
Ru’@SLS,,-1h Ru’@SLS,, 5, : : : sl
—— Re@sLs,2n ] N :
Ru"@SLS,,-3h ) | [ : £ 0-.
= S oty o Ru®3py,
Ru*@SLS, 4h “g 4 T : (- :
== g 1 % < |ReT3Re =
SLS & : . i ) o7 : g v Ru*" 3
-'é i TRV g 2
H i [ : 0 g [un
" | e
E SLS | ey = )
! 1) 1 ! 1
J 1 1 |
' -0
e IO'H ) ) . . } L L L L L L s
500 600 700 800 900 3500 3000 2500 2000 1500 1000 405 oA83L W WISt W, sy el
‘Wavelength(nm) Wavenumber(cm™) Binding energy(eV)
B 1. Ru@SLSq 1 UV-Vis & K 2. Ru@SLS., 1) FT-IR K] Kl 3. Ru@SLS,, ] Ru3p XPS i &l
LTPew i1 120 120
Conv. of DPM Cony. of HDPM
Sel. of DCHM
100 | 100 Sel. of PHF
380 ggo
3 3
% 60 260
H H
2 M
= =
g4 G40
0 20
0 L L L L L i 1 L
: 1 2 3 5 1 2 3 5
41 Cycles Cycles

& 4. Ru@SLS., 1) HRTEM ] Kl 5. Ru@SLS., it DPM 7E3ERE K] 6. Ru@SLS., #E 4t HDPM &I 1458

SE 3K

[1] Nie G, Zhang X, Han P et al. Lignin-derived multi-cyclic high density biofuel by alkylation and
hydrogenated intramolecular cyclization. Chemical Engineering Science, 2017, 158: 64—69.

[2] Zhang Z, Wei J, Yuan B et al. Hydrodeoxygenation of vanillin over Pd nanoparticles reduced and stabilized
by sodium lignosulfonate in aqueous phase. Industrial Crops and Products, 2023, 192: 116055.

[3] Jander J H, Schmidt P S, Giraudet C et al. Hydrogen solubility, interfacial tension, and density of the liquid
organic hydrogen carrier system diphenylmethane/dicyclohexylmethane. International Journal of Hydrogen
Energy, 2021, 46(37): 19446-19466.



FHNEEEARZMEEERZRAFINLBEE —EHE- RREEMREBEL S HRIZ
I - K
AKREREMTEDEEER[RGNWARSENRARAR"

My BE*
MEMOlR2E SRR RS TSP, Mal, 210037

* wys123@njfu.edu.cn

.

T ARFRAE S gt A = R R Y, BA KRB REE T RelR], & —Fh g
FIZRERA NIRRT, HIEEAR BT BIAREEN R T 3 BBy i Si s 4 5, R4
RT B Al A8 R, 3 1T 36 T/ S )R L A ST P T O A2 ORI T R 4 5 A Ty
Fet RTINS A 56 70 o wk B4 T 017 1 S B 65 K60 PR A7 P38 B A o 21 PN T i 1 R 45 ) 5 B IR ) 5%
SR B, KR T 3R A5 A 5 LR A R & B kAT — B ORI, RS ARIR X T AR BT R N
FREEEE (B-O-4. 0-O-4. 4-O-5) BEATE [FIMLFR, BEIAR & My e A 5 10 R ) g 17 7 52
B, FETALREE DT R R SRS, SR TR ERMTAEERESY, s TR
Jo 3R AT A 5 R SR B DA~ AL A0 JFL 2 R AL B0k e P B R SRS M L ), Sl ST 235 4 0 LAk RE A e
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Heteroatom-doped hierarchically porous thick bulk carbon derived from a Pleurotus eryngii/lignin composite:

a free-standing and high mass loading electrode for high-energy-density storage[J]. Green Chemistry, 2024.
[2] Weisheng Yang, Yifei Qu, Bingjic Zhou, Chang Li, Liang Jiao, Honggi Dai*. Value-added utilization of

lignin-derived aromatic oligomers as renewable charge-storage materials[J]. Industrial Crops and Products,
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based on lignin-derived aromatic monomers for high-performance energy-storage materials[J]. Journal of

materials chemistry A, 2020, 8: 24065-24074.
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[11 Osorio-Gonzalez, C. S., Hegde, K., Brar, S. K., et al. Challenges in lipid production from
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[2] Erickson, E., Bleem, A., Kuatsjah, E., et al. Critical enzyme reactions in aromatic catabolism
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[1] Y.M. Dong, Y. Tan, K.L. Wang et al., Reviewing wood-based solar-driven interfacial evaporators for
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antibacterial properties enabled by a physical and chemical dual crosslinking network construction, Chem.
Eng. J., 2024, 479, 147546.
[2] Y. He, H. Nawaz, F. Xu et al., Facile preparation of lignin-based material for fluorescent detection of pyrrole,

Chem. Eng. J., 2023, 474, 145935.
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[1] B. Du, L. Chai, W. Li, X. Wang, X. Chen, J. Zhou, R. Sun, Preparation of functionalized magnetic graphene

oxide/lignin composite nanoparticles for adsorption of heavy metal ions and reuse as electromagnetic wave

absorbers. Separation and Purification Technology, 297 (2022) 121509.
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Preparation of homogeneous lignin nanoparticles by efficient
extraction of lignin and modification of its molecular structure using

a functional deep eutectic solvent containing y-valerolactone
Mingzhu Yao ?, Baojie Liu 2, Lina Qin *, Zicheng Du ?, Zenglin Wang 2, Chengrong Qin **, Chen
Liang ®, Caoxing Huang °, Shuangquan Yao ®*

*Guangxi Key Laboratory of Clean Pulp & Papermaking and Pollution Control, School of Light Industrial and
Food Engineering, Guangxi University, Nanning, 530004, PR China
®Jiangsu Co-Innovation Center of Efficient Processing and Utilization of Forest Resources, Nanjing Forestry
University, Nanjing 210037, PR China
*Corresponding author: qinchengrong@gxu.edu.cn (Chengrong Qin)

yaoshuangquan@gxu.edu.cn (Shuangquan Yao)
Abstract: Deep eutectic solvent (DES) is widely used as a recyclable green solvent for the
separation of lignin from lignocellulosic biomass. However, the poor permeability of DES
solution limits the green advancement of separation system. In addition, lignin fragment molecules
are susceptible to repolymerization reactions during separation, resulting in reduced lignin
reactivity. In this study, a DES consisting of choline chloride (ChCl) as a hydrogen acceptor,
S-sulfosalicylic acid (5Saa) as a hydrogen donor, and a certain amount of y-valerolactone (GVL)
as an additive was designed. The system not only efficiently fractionated lignin from poplar
(71.35%) but also selectively retained an almost complete cellulose (retention 92.87%) under the
optimal fractionation (ChCl/5Saa/GVL molar ratio 1/4/15, temperature 120 °C, time 3.0 h).
Pre-crushing processing of raw materials was avoided due to the new DES solution has stronger
permeability compared to the previous DES solution. Selective deconstruction of lignocellulose
was achieved due to a strong hydrogen network structure. The lignin fragments was effectively
dissolved. The results showed the stability of the carbo-positive active intermediates was
enhanced by ChCl-5Saa/GVL. The lignin with low molecular weight (2305 g-mol '), high purity
(98.77%) and high total phenolic hydroxyl content (6.92 mmol - g!) was obtained. The
homogeneous lignin nanoparticles (LNPs) was prepared with an average particle size of 23 nm.
LNPs had high dispersion stability and excellent UV shielding properties. The green advancement
of the new DES has been significantly improved and the efficient fractionation of high-value

lignin was realized.

Keywords: Hemicellulose; Lignin; Separation; Deep eutectic solvents; y-valerolactone;
Condensation
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[1] F. Y. Li, C. Cai, H. M. Lou, et al., Synthesis of temperature and pH responsive lignin-grafted sulfobetaine for
efficiently recycling cellulase, Bioresource Technol., 2023, 369, 128357.

[2] F. Y. Li, H. N. Liang, J. X. Shan, et al., Lignin-grafted quaternary ammonium phosphate with temperature and
pH responsive behavior for improved enzymatic hydrolysis and cellulase recovery, Int. J. Biol. Macromol.
2023, 234,123779.

[3]1 F. Y. Li, C. Cai, H. M. Lou, et al., Enhancement of recyclable pH-responsive lignin-grafted phosphobetaine on
enzymatic hydrolysis of lignocelluloses, ACS Sustainable Chem. Eng. 2019, 7, 7926.
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1. C. Cai, H. M. Lou, et al., ACS Sustain. Chem. Eng., 2018, 6: 10679-10686.
2. C. Cai, Q. X. Qiu, et al., Green Chem., 2019, 21: 1141-1151.
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[1] Xie,J., Pan, L., Nie, G., Xie, J., Liu, Y., Zhang, X., Zou, J.-J., Green Chem., 2020, 21, 5886-5895.
[2] Pan, L., Xie,J., Nie, G., Li, Z., Zhang, X., Zou, J.-]., AIChE J., 2020, 66, ¢16789.
[3] Xie, ., Liang, Y., Yang, B., Zhang, J., Xie, J., Zou, J.-J., Zhang Q., Fuel, 2023, 340, 127539.
[4] Xie,J., Zhang, H., Jia, T., Xie, J., Zou, J.-J., Fuel Process. Technol., 2023, 244, 107707.

[5] Xiel., ZhangJ., Wang X., Xie J., Yang B., Liang Y., Zou, J.-J., Zhang Q., Fuel, 2024, 361, 130738.
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1] L. Dong, Y. Wang*, Z. Chen* et al., Nat. Commun. 2023, 14:4996.
2]1Y. Zou, L. Dong*, Z. Chen* et al., J. Catal. 2024, 429, 115241.
3]1Y. Dong, L. Dong*, X. Gu, et al., Green Chem. 2023, 25: 3791-3815.
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[17 Y. Zhou, W. Xiong, Y. Jin, et al. Catalytic aerobic oxidation of lignin-based vanillyl alcohol under base—free
conditions over an efficient and reusable LaFeOs perovskite for vanillin production, Green Chem., 2023, 25,
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[1] Z.Fang, M. G. Flynn, J. E. Jackson and E. L. Hegg, Thio-assisted reductive electrolytic cleavage of
lignin f-O-4 models and authentic lignin, Green Chem, 2021, 23,412-421.
[2] Z. Fang, J. E. Jackson and E. L. Hegg , Mild, Electroreductive Lignin Cleavage: Optimizing the
Depolymerization of Authentic Lignins, ACS Sustainable Chem. Eng, 2022, 10, 7545-7552
[3] W. Schutyser, T. Renders, S. Van den Bosch, S.-F. Koelewijn, G. T. Beckham and B. F. Sels; Chemicals
from lignin: an interplay of lignocellulose fractionation, depolymerisation, and upgrading. Chem. Soc. Rev.,

2018, 47, 852-908
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[1] H.Li, A. Bunrit, N. Li, et al., Heteroatom-participated lignin cleavage to functionalized aromatics.Chem. Soc.
Rev., 2020, 49, 3748-3763.
[2] Y. Li, J. Wen, S. Wu, et al., Photocatalytic Conversion of Lignin Models into Functionalized Aromatic

Molecules Initiated by the Proton-Coupled Electron Transfer Process. Org. Lett. 2024, 26, 1218-1223.
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[1] F. Song, K. Du, HM. Yang, et al., Depolymerization of lignin over heterogencous Co-NC catalyst, J.
Environ. Sci., 2025, 152, 654-663.
[2] Y. Liu, C. Li, W. Miao, et al., Mild Redox-Neutral Depolymerization of Lignin with a Binuclear Rh
Complex in Water, ACS Catal., 2019, 9, 4441-4447.
[3] Y. Liu, C. Li, W. Miao, et al., Rhodium-terpyridine catalyzed redox-neutral depolymerization of lignin in

water, Green Chem., 2020, 22, 33.
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[1] Y.Dong, L. Dong*, X. Gu*, et al., Green Chem. 2023, 25: 3791-3815.
[2] L. Dong, Y. Wang*, Z. Chen* et al., Nat. Commun. 2023, 14:4996.

[3] Y.Zou, L. Dong*, Z. Chen* et al., J. Catal. 2024, 429, 115241.
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[1] Dong, L., Lin, L., Wang, Y et al., Breaking the Limit of Lignin Monomer Production via Cleavage of Interunit
Carbon—Carbon Linkages, Chem, 2019, 5(6), 1521-1536.
[2] Jing, Y., Guo, Y., Wang, Y et al., Catalytic Production of Value-Added Chemicals and Liquid Fuels from

Lignocellulosic Biomass, Chem, 2019, 5(10), 2520-2546.
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[1] Z. Liu, H. Li, X. Gao et al., Rational highly dispersed ruthenium for reductive catalytic fractionation of

lignocellulose, Nat.Commun, 2022, 13, 4716.
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AT A RE IRz, $EH T TR MR (B D, AT R U AR R R AT AE R
BRI AEHL SR

!
Sl TS e T e A '
e Te S e Al
e .:-,:z;. e e

A"

] ’ 2
.r." $ 23 0“ Route B @0![ ‘H ©)\FO\
—
e o"t‘h; e (C0) + o 0
a

P 1 ASHETESR 0 5B A BRI AR 5 3R A A SR o 3R N7 42

S ER
[1] Guo H, Chen Z, Yin Q, et al. Waste to wealth: H2S-free fabrication of Fe-ZnS/NC by industrial lignin self

S-doping for efficient lignin aerobic oxidation[J], Applied Catalysis B: Environmental, 2023, 339: 123129.
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R, RIHE A 100%, ZUNJEEHN 7.7 5, EARBURBERREGLKRTIR T, AR T IRIEM
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Mechanism of inhibiting adsorption between enzyme and lignin

SE 30k
(11 BRIZIR, FEE, BB, =JoiRIER R DGR i BT K48 mB KRR, Al LR ¥R,
2023, 8(05), 86-92.
[2] Chen Huang, Yunni Zhan, Jia Wang et al., Valorization of bamboo biomass using combinatorial
pretreatments, Green. Chem., 2022, 24, 3736-3749.
[3] Jinyuan Cheng, Chen Huang, Yunni Zhan et al., Effective biomass fractionation and lignin stabilization

using a diol DES system, Chem. Eng. J., 2022, 443 (April), 136395.
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J. Cheng, X. Liu, et al., Green Chem., 2023, 25, 6270-6281.

J. Cheng, X. Zhou, et al., Green Chem., 2024, 26, 8298-8314.
J. Cheng, C. Huang, et al., Green Chem., 2023, 25, 1571-1581.
J. Cheng, Y. Zhan, et al., J. Clean. Prod., 2023, 394, 136322.
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Cheng-Ye Ma, Ling-Hua Xu, Qian Sun, Xiao-Jun Shen, Jia-Long Wen*, Tong-Qi Yuan. Tailored one-pot
lignocellulose fractionation to maximize biorefinery toward controllable producing lignin nanoparticles and

facilitating enzymatic hydrolysis, Chem. Eng. J. 450 (2022) 138315.

Yu-Fei Gao, Cheng-Ye Ma¥*, Qian Sun, Xin-Xu Zhang, Jing Liu, Jia-Long Wen*, Rou-Xi Chen, Hsing-Lin
Wang, Tong-Qi Yuan, Rapid and efficient preparation of cationized lignin for downstream high value-added
utilization of biodegradable antimicrobial nanofibrous membranes, Chem. Eng. J. 481 (2024) 148514.
Cheng-Ye Ma, Ling-Hua Xu, Qian Sun, Shao-Ni Sun, Xue-Fei Cao, Jia-Long Wen*, Tong-Qi Yuan,
Ultrafast alkaline deep eutectic solvent pretreatment for enhancing enzymatic saccharification and lignin
fractionation from industrial xylose residue, Bioresour. Technol. 352 (2022) 127065.

Cheng-Ye Ma, Ling-Hua Xu, Chen Zhang, Kai-Ning Guo, Tong-Qi Yuan, Jia-Long Wen*, A synergistic
hydrothermal-deep eutectic solvent (DES) pretreatment for rapid fractionation and targeted valorization of
hemicelluloses and cellulose from poplar wood, Bioresour. Technol. 341 (2021) 125828.

Cheng-Ye Ma, Xi-Tao Luo, Ling-Hua Xu, Qian Sun, Jia-Long Wen, Xiang-Feng Liang, Hui-Zhou Liu,
Tong-Qi Yuan, Structural elucidation and targeted valorization of untractable lignin from pre-hydrolysis
liquor of xylose production via a simple and robust separation approach, Int. J. Biol. Macromol. 253 (2023):

127029.
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WK, X1 C-RUA R 35 RO —F e b (B AR F I “BRAEAR 37 U AR RIFR T —
P S J7 i, RIS B AL SRR £h K &9 (LiBr-AMSH) M ELRRRF 5787 73 B C-BUAK
R . ERAEFMT (H 60mM HCL ) 60 wt% LiBr ISR AE 150°C %14 N 1h), 96 wt%
(T ARE it T BERRRT 52 R A SE AR T 20D M4 B H R . Z5H %5 R WA 40 38 R IR AR SR 3
FEMR IR b (BD) 454 S HERIIE 99%. BhAh, FEREEZMET, C-RURREMFRN
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AHFT C-RIRIF RIS EAFIH .

B JURMIARTER: B ST BRI, ZR0F ke ol

Xylose
& Benzodioxane structure: 99%
Glucose i}_}" e
% L& : } k'-'
4 S ] 2 L
'.'é { - : . -&- M

. = ﬂ“\* + HO

Solid-liquid separation
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LiBr-AMSH treatment C-lignin: 12.80wt%

FRAGIRAL BRI 1 1 ZR A0 20 B RRAT 5203 7 C- AR
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[1] W. Xia, C. Cui, L. Shao, Y. Liu, X. Li, C. Wang, D. Zhao, F, Xu, Effcient separation of catechyl lignin from

castor seed coats via molten salt hydrate, Sep. Purif. Technol., 2025, 353, 128487.
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TE: PR R PRIEFY), HEARERNRRAHER, LHHARRRSA4ER.
LT Y 2R 2H 3 (R 53 S ANURT LS I ] P e (B AR P 5 G T DA A e e v T3 B P 5
) . A SCH A T AR AR LA ), R AR IS AR OB iR LR, JF
PASRAS IO A 50 21 AR LA VA 7 S BRI, il AT 3 G 5 ) 7 SR . 45 R o IRILIA TS
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Je 7 H R . DES 1E AR TR N 1 5o A RE R I EE, v TR RUENE: RS,
ARG 0 e SRWH L S0 105 A0 7] ARG S it B2, It — AP IS SRR S5 3 S R R 7K A K 7 2 1 e
@, DLV AR 5 2 2 SR I AR T3 2R RS2 SRR R k), il st Re A, ANUAT BLiE—
AW HEARBRN T, WA ESEIIE RS 5 SR H 0 B bR .
R BB IRLEEA; RBER: ARBR-CRER

B TRBIR-7ERPER SEM [, a: & RR-FCHNEML, b: APTR-FCIRMER

2% 37

[1] Owhe E O, Kumar N, Lynam J G. Lignin extraction from waste biomass with deep eutectic solvents:
molecular weight and heating value[J]. Biocatalysis and Agricultural Biotechnology, 2021, 32: 101949.

[2] Catarina F ,Elodie M ,Solange M , et al. New deep eutectic solvent assisted extraction of highly pure lignin
from maritime pine sawdust (Pinus pinaster Ait.)[J].International Journal of Biological

Macromolecules, 2021, 177: 294-305.
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N 5T 3R A [ IR S ) B VR A T R T G ia B, Re 8 AR A BoR BR AR, TR L I R 19 %8
HEBERGS PR [1,2]. S5& H AT AV B RRA B 61 26 PR R 3], PR BAEM A X
FEES KRBT T RATRE, BN PR IR N VO B, 19 o N TV RE o AT FE A IR o 3 R A 1 5
gt PIBME AL, a1 A R A B LS R, TR T R 2L
GER IR BT R T B AR . 2 R IR SLEE M BE NS RO L BRIA IS Y. LAk, FEREE
AT AR TR BT A S SR T L B B 2R R 4], T TR BT E B E SCEE AR R
BT TR )45 B0 2 WA Ry s AlebA b, My m b e m R AR R, B R TS )
Xy A (Bisphenol A) FIHEFEKFS (Dexamethasone) MIZEFRAR. SEHREFH, KFEHRZEM
T FL AR P 22 FL 5 R BB A% 165 55 GV 5 R AR o 1 v P 3 P AH B S (R R R0 . it B
SR B B B P S5 W bl [ 5, BEAE TN 8] P SEBILS e MDA R4, A bl 32 2l
FRHE B RIS TR FE T RA B b, ABFFRRAL A i, TS 4 AR 5
MR AR AT, A B ) D SE IR 5T 3R PR FE 0 SRR AL ST G e B

SE 30k

[11 He, M.; Xu, Z.; Hou, D.; Gao, B.; Cao, X.; Ok, Y. S.; et al. 2022 Waste-Derived Biochar for Water Pollution
Control and Sustainable Development. Nat. Rev. Earth Environ.3 (7), 444—460.

[2] Zhang, B., Biswal, B. K., Zhang, J., & Balasubramanian, R. 2023 Hydrothermal Treatment of Biomass
Feedstocks for Sustainable Production of Chemicals, Fuels and Materials: Progress and Perspectives. Chem.
Rev. 123, 7193-7294.

[3] Zhang, B.; Jiang, Y.; Balasubramanian, R. 2021 Synthesis, Formation Mechanisms and Applications of
Biomass-Derived Carbonaceous Materials: A Critical Review. J. Mater. Chem. A 9 (44), 24759-24802.

[4] Brillas, E.; Sirés, I.; Oturan, M. A. 2009 Electro-Fenton Process and Related Electrochemical Technologies

Based on Fenton’s Reaction Chemistry. Chem. Rev. 109 (12), 6570-6631.
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[1] Chao Li, Jiaji Yue, Bing Wang, Yehan Tao, Jinwen Hu, Jie Lu, Jian Du*, Haisong Wang. Unveiling the

mechanism of lignin nanofiller in boosting the performance of triboelectric nanogenerators. Nano Energy, 126,

109631 (2024).

[2] Wencan Chen, Chao Li, Yehan Tao, Jie Lu, Jian Du*, Haisong Wang, Modulating spatial charge distribution
of lignin for eco-friendly and recyclable triboelectric nanogenerator. Nano Energy, 116, 108802 (2023)
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A S A T 1) 25 v B B 255 SO A D B AR T 2 5 AT 1 02 RAf 5Lk
] 88 G SO A TR BRI A 7 e v A A ol ] £ Cu/C-NHEARGR), #2723 U T (21% 02),
WA AR TR SR T 57 AR s OH. ) S B B ST B BB ) & B IR . 456 20 X-6ik 0 A
(XAFS. XPS. XRD), #& > TAEMMAYA Cu i EREE &I (CHO) A,
I AE DO R P R ZR RS (KIED K3 ) 2A 0T ORI JEA 2 525Ky, HIESE Oz £ Cu®/Cu”
B EAEALEA, TR SR R 2 (fOHD, HAE N FZRHE MM S 5L
S KIE 5530, 75 DoO VAR HH i1 7 7 Bl S0 s 21K T 78 HoO W HH I S 2, E
T K (H0/D20) s g =4 (Flan*OH/*0D) &5 T E MR M. 454 DFT
PR, AR T O i GiB I *O0H A& Hi*OH [ M Bk A% . 54 nid AL 5y
fift =4 OH H H3EAH L GEEEMER 40%), O iE AL AL = A2 1) T * OH. Wit 36 %1 1% 43 1
B A Oy Rk # 1 GRFEME 91%) . WFREAIREN], MRS B R AL A AT LLIG {L Oa
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0, and H,0 activation il iy

X H te s o E
\ ) 90> 00 355

e CWICU ~A Cu®
*0,— "00H — *OH
H e =R
1=0 g " 2 O
(R
. -

CH ?H
HO, i

COOH
11
OH OH

Gluconic acid

Cu/C-N A S ] 2 I 58 e M2 AL 2

SE 30k
[1] Y. Cao, J. Gao, C. Zhang, D.C.W. Tsang et al., Fast and Selective Production of Aromatics via Efficient
Lignin Depolymerization: Critical Factors and Mechanism Studies, ACS Sustain. Chem. Eng., 2022, 10,
15273-15283.
[2] Y. Cao, M. He, S. Dutta et al., Hydrothermal carbonization and liquefaction for sustainable production of

hydrochar and aromatics, Renew. Sust. Energ. Rev., 2021, 152, 111722.
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a-0O-Alk/p-O-4 ether v-O-Alk/B-O-4 ether

OMe OMe e OMe

a-O-a'/p-0-4 ether a-0-y'/B-O-4 ether 1-O-a/B-O-4 ether  7-O-y/B-O-4 ether
B 1. felhiif/p-0-4 45t

AR R LRI T 2 G EAHARTR R WA . RIEMHARYN, ZEMEBERKRR R
(SMWL)H & K1) 2 R SR e ek 1 SRT, B eI S M S BT AR A B e
AR A E SO P B DR SOV i ANTE 28 . Rl FRATEE T SEAR R R AL &)
TSRS AT A A NMR 4, B SR 7E 7 SMWL () HSQC St i iR 5t 2= (i oy fir
B _FIX R (IS5 RS B, 45 R IR HSQC Jeilh b i 2 X I A R T e 3L ik /B-O—4
CE 1D FRe R/ BB 4 A Hh IR AS [ e ik Py B WS, AT TR FH B R PR SRR AR ) D VR A
FE T AR F R S R e S R B-O—4 SR BB . 1 S T R R LR I Rkt & P B-O-4
R RS RREEFIIL A (9259 GS-+ GG-Fl GH-QM, "EATI#EB-BF L 5 A B _EA T2 5)
EEHIBEAT RAE, IFAE 25°C R BT TSR IR, DABTHOURE A7) 40 0 BE v g FE 18K/ B-O—4
GEREITE e 18IS G- RO ZR AR Y, SBR[ 82 B 2 1) R 5 S AR R 8 T 2R AZ
T~ TV R R R 5 M 1) 7 T R AT R, AT 5380 7 0 =W SEAR KA B oAl o 1R S
BB AR 2 rh e SRR S R IR 25 0015 RANAE Y& U R3S %

SRR

[1] M. Balakshin, E. A. Capanema, X. Zhu, I. Sulaeva, A. Potthast, T. Rosenau, O. J. Rojas, Spruce milled wood

lignin: linear, branched or cross-linked?, Green Chemistry, 2020, 22, 3985-4001.
[2] X. Zhu, J. Sipila, A. Potthast, T. Rosenau, M. Balakshin, Exploring Alkyl-O-Alkyl ether structures in

softwood milled wood lignins, Journal of Agricultural and Food Chemistry, 2022, 71, 580-591.
[3] X. Zhu, C. Zhang, H. Ma, F. Lu, Stereo-Recognition of Hydrogen Bond and Its Implications for Lignin

Biomimetic Synthesis, Biomacromolecules, 2022, 23, 4985-4994.

[4] X. Zhu, D. Zhang, R. Lu, F. Lu, Formation of lignin alkyl-O-alkyl ether structures via 1,6-addition of
aliphatic alcohols to B-O-4-aryl ether quinone methides, Organic & Biomolecular Chemistry, 2023, 21,
5840-5854.
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S8 SRAEh A, AR AT, A I I 2 IR E A R R R e SR A . A
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