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Abstract: Lignin, the most abundant renewable aromatic polymer in nature, possesses a highly complex structure
and strong resistance to depolymerization. Achieving its efficient depolymerization and the high—value utilization of
the resulting products is of critical importance for reducing dependence on fossil resources and establishing a
sustainable bioeconomy. This review systematically summarizes the significant advances made in recent years in the
efficient depolymerization of lignin and the valorization of lignin—derived monomeric products. First, with respect to
lignin depolymerization, particular emphasis is placed on the precise engineering of catalytic active sites to enable
the selective cleavage of key chemical bonds (e.g., B~0-4 and C,—C, linkages), while simultaneously regulating the
reaction pathways of intermediate species to enhance the yield and selectivity of aromatic monomers. Second,
regarding the high—value utilization of depolymerized monomers, this review highlights their conversion into
aromatic fuels, value—added chemicals, polymer precursors, and functional materials across a broad range of
application scenarios. The insights presented herein provide important guidance for catalyst design, reaction process
optimization, and the industrial implementation of lignin valorization technologies, while also identifying promising

directions for the future green and sustainable development of this field.
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Fig.1 Full-process schematic of lignin conversion and valorization
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RELATIVE REACTIVITY OF LIGNIN BONDS TOWARD DEGRADATION STRATEGIES
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and C—C bond cleavage pathways
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SRER RSN, PR R R T A
A RTIMATT R DM RS —HERAR ., &
Kyt R A, 2 et By, of B4t
S A AT 38 S R R B g 2 v R AR E T L
Py ek B A i) i 2R R R 0 45 2 I R RNV, R TR
iR 5 SR #8645 . Zhang 2™ £ NiZn /HY fi# 1k
0, R Ao e & IR T AR TR
FTE MR . FE290°C N, U4 RN 12 /NEF 1Y 25 4F
T, By 2 B (R 3/ 2 J /79 JE A B R By ) 72 R Ol
38.09%. A]figS&H A Ni, Zn /HY, B 5 5 iR 67 5. 5

[26]

IS PR A 2z 8] 8 B ) AR B AR 2 B T e
AR ZR ) i TR TR B ol B 1 5 R A O B .
HY 537 =F & W FLE5 A8l fiff 3 SRR I i B 2 it T
WA, ARG T R e T 4R A Dolan%'”'ﬁﬁﬁ
PA/K A AR, &N S BEAR FE 7), X B A O
%&@%@%(a—0—4\3—0—4%u4—0—5@%)Wﬁﬁﬁﬁ%§ﬁ%ﬁ9
&Y (B 4) 4T R AU G 78 il . P R 81,
Pha—0-4 B4R G 1R B R JE ik (L-1) MR, 76
150°C .30 4380 N BV AT SE B 58 5 Ak, LAk, 8 B 5%
T XSRS AR T 27 4 2R AT 8 SR A A G K



<6 - i T

¥

FXXE

e WAL RIS T 97% (I A 5t 28 R 1 22%
AR A B B e KA OF B — Ak &9
(4-(3-FR P9 36)—2- F AU L 2R Iy ) o A L 4 PR
1) 64% . Zhou S & T —Fh B fHL U A0 4015 5 s
(5), PR e R 45 SAE SR, PUNIALO, FEAE (L
F ST ORI R . DK 7R
140°C I 1 24 7N, MEAC B 2K A Ak Ay T 25 BRL 1R 17 34
W H R 46.6wt.% , EE Y RN (LB ) wi kT
A iy FAL B A o Shen ZECF F Ni/HY AL, 78
200°C KA EEVEFS I 250 T, — 58 B R fL C-
KR AR, v Bk R N C- K R & P A E
49mol % &1 A -y , FLIZAE W) ot s R X4 2K R 1)
VEFEME R 1K 96% . DFT IR, ik 4- P9 5L
A2 T R NAE B T8k Y, fE AL i e 32, LML A
5 A BT ERBR O 45 (BAS) A F A i T4k L y— H 3k 5E
o B C, = Co FEWT L . Chen 25521 FHA R R AT LE Y
AL 171 28 Ni-Ce #4657 (3Ni-Ce/BC) , 7E/KAHH
HA BT = AR R R A T R R B A0 AR
A 4- e 5L A A R By, 7 3 4 Gl ik 243.94 il
265.65mg/g AT E . FALLE L L, AL o Ni-
CeO,—x FLTH AAE 25 16 AL C-C 5 C-O 8, Ni iG 1L 1
1 DR SRR i NI BN AT 1= Wil R T % NS DA K 20 T
B, 3Ni-Ce/BC {2 FEAIK T B-0-4 B (9 5 i 125 i A
FIEILBE . Luo™7E H BE/KAHAA B i R AR R b5
A NaOH B 7, ¥ & 4 J8 - 0 4% & fiE 1k 1k R
(CoTi@BC) . %M & XF B—0—4 #5 B Ak & Wy i Ak %
ik 95.2% , 75 A W PR = 2 40.5wt.% o HILER 2 B H0
P, NaOH $E (LI [T 85 70 S Bk 5 R A% B L, Co
A7 1 00T AL SO 45 A R RO . Zhe S5 5T

a-0-4

-0-4 o Ry OH Ry OH Ra
R1:©)K, O\© R‘D)\/ O\© RW:@)j/ O\©
Ry Rg Ry HO

P

L-2: R, =Ry=R;=H

L-3a:R, =R,=Ry=H

Ru/Zn@Beta X4 J& AL L i — 5030 O Joe - FH -
RV A IR A, 76 290° C N SR Oh, B AR T E R R &
il TN LR TR PTIS 7= DM de v 7T 36 96% , Herh
G R BEMEIL 74.7% . X VA F Beta 23 F i I Zn
Lewis B2 057 25 5 Ru i &7 o5 22 6] 1) 5 H AH BAE o
Ogunbiyi 2 Jf] HZSM-5 71 % MoO, # 1L 7 . LA 5+
P Ry S A 72 3007 C T R 24 /N FH— 4 75
KRR R AR AR BT R , SEI T b 85.1% M A1
ik L 7 IR CRT AR i VAR ) (TR R
11 45.3% 35 B FRARICR , LKA 4.9% 18 5% o ISR
(XA TR AL R K 95.1%) . AL FI FAE L5 F 3%
AH 305 B R T LA G 4 1) Mo— A AH BAE S
15 8 T S TR R AR 5T C-0 T C—C 8 iy DGt
Ogunbiyi &8 il % T Mo W /H-Beta 34 J& i 1t
F, LA A SR, 78 300°C 4504 T Al SRR £h
KRR, WAIREHICR 15 84.3% , BB Eh A R 4k
FRT1.6% . ZAEA 4 8 A7 s 5 R AL I R
B AR R T A R P A R R, R R A T
Lewis RV 85 EUTE AL A7 81 LR 80K | Mo-W AH B4
FH Z 1) Fy B [ 50, DT e A A 1 5 A o R e ¢
P A 3 b I R T PR IR SRS C-O BT 2L
AR R, LA B LB N MR RS A
il TC T e R HL AR SR W o S R e 4 R
AR AR UL R S R S
g Jor P Joit M () s Tk R 1 W7 24 51 ) AR = 0 1 )
BEZERY . Ni B 4 B A S0 AR I 390 7= A 1 HORT 34 O
2 AR A S SRR (LA P R0 3 TR R 4
HEE . FBERE A RS AR 4544 BT P K
ML e TE C-0 #EE 1L

L-4: R, = R, = Ry = OMe

L-3b: R, = Ry = Ry = OMe

O

L-5

K4 BHA a-0-4 p-0-4F14-0-5 45 FITMBAMLG Y L-1 £ L-5%
Fig.4 Model compounds L-1 to L-5 with a—0-4, B—0-4, and 4-0-5 structural units””



5 XX

www.hgxb.com.cn

e 7 .

BT ELH N SR A R A SRR AR AN T

TARTCIMME IR ZAE T R AL F 5 6 2
A7 5 SR BT R N ) U A S R B — 4%
AR MR A2 . Qiu ZFHF 5T & L, i FH
5wt% Pd/MgALO, f# Ak 57 W] 78 Jo & 45 148 T~ SE s 42k
A A S BRI AR Y T
PR 35K 39% , KA A H DS BERAR, BRI 11 326 4
PER ik 913%, HMSFMHREKN T &8 5 pd/
MgALO, & & 1 5 A B /E HE Bl T R~/ (24
1.7nm) 5 BE A0 B PA AR, DL K 4 g A /A A S 3t
A7 Hp 5 R A 5 P TR 2E C—-O B S A -5 6% o
Ao RELAFMNHERICRBERTAHEAER,
{HHAFRVE TR 222k, HAE Qiu S8 Ay iFgi,

KT AT AR AT FAR AT B AR AR ] AT e
ST R HARTR BRI T e
BT IR PRI, A U AR S5 AR i SR U
J1 83 AR I 7 A PR AR T AR S S N A
1l AR AR v B S TR A AR T e A PR A o, HLL S
ARBUR LTI S MR BT RrR A 5 2
6 1 B2, PR A firp SR R A R L by R v T A
i N RER I SRR , A5 5 R A IR AR B A IR
A, R I AR AR 2R BT AR 22 2E C-O B By
24, U R AL S R AR R BT
S ] B, BF 5T TE MAEAG R L 7 S AR e 4 S A
FAAC R FAEFARTT 4 5577 T TR R

A: Traditional reductive catalytic fractionation (RCF)

Hydrogenation catalyst
Hydrogen or e.g. Pd/C, Ru/C

Hydrogen donor

/

® <1

Lignocellulose 180 - 250°C
MeOH, EtOH, 'PrOH

Filtration T HO. PH §
— ‘%ﬁ‘jﬁ?} (Hemi)cellulose pulp
n

|Extraction ..«/%;.. %ﬁﬂ, é'wf[sow, Lignin oil
oH ] I Hy o8
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® Severe conditions
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© High monomer yields &
Good cellulose retention

B: Innovative self-hydrogen supplied catalytic fractionation (SCF)
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© Self-hydrogen supplied

© Mild conditions

© Green solvent

Ligninoil  © High monomer yields &
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Fig.5 Comparison between traditional reductive catalytic fractionation (RCF) and newly developed self—sustained catalytic

fractionation (SCF)™"
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BCRIERN 11.01wt.% . HLERBFSE B Pd 5 POM 1748
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it B Ak B i SR O, 4R B R A A
Yo ol e SR B Sk A O BT 24 BE B P D)
C,—Cp 58 s Zr BRI Y ISR & 1 1E £ ME 17 1 MnO,
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IRV o Peng S5 FI 4k A1 S50 — IR 28 3 41k
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KE]13.9%, @& TAEGK PN (7%) . X —RER A
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PR A R T 2 LA

2 B =R O (2 ST FUR G s e = Wi U 2 4
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RN ST TT R s ARG HE R I LSS A i -
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AT AR RACRAE A A R 1 S AL
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A R TE R Tl AR
H, =25 7O R 3K Bl K J57 3R b2 B B SR ) 4 2. 5
FR o HAZOEHEAE T A5 R E T 5230 C-0
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S B-1.B-5.B-B.5-5 55 ) MY BE B AL , HAT B
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T A L 25 5RO BIR Sl A £k 710 2 18T A T 1 AR A
(fn-OH.0,- 58 ) 55| & A B3R, #1842 C-C
5 C-O B W R A%, S AR BT 38 S (E A% (L B AL T 1I%
REFE . B £EIE BT A2

A 5 B4 B RE G VL FC A 34 il Al Z .S
RIS A A5 R T A B A e A 3 T B AR, 4
TR BT R R AR, MO — DRI . Liu
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R RCR , SUPR R A LR TR RE |, F T A e A=
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A Z AR T % BT b AN TR S ) R i R e Ak
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Table 1 Representative catalysts and performance comparison of catalytic hydrogenative and oxidative depolymerization

of lignin
HEALTRI A 5 SN F TE L] FEY Sk
. . Bl (B-0-4) 2K 68.56%, [ i 153 3] 2- B 4 .
L] o = . s s Ae[23]
TeAN AT 120°C \N,/H, % [Hl . 15bar C=C i (5-5) 54t - Saini 5§
Cu0/Ce0, 200°C 3Mpal, C-Of A HORATR R SRR 8.8 Xu %2

9.6wt% , AR AT % 24.4-31.4wt%
PRI (RN 4- 2L ) 7= 3R

Ni—Cu/Nb,0,@Fe,0, 180°C \H, .2Mpa C-0.B-0-4 & fi% P Liu 55
PR ALY 1128 PRI NI B2 . ISR AR 49.08w1% 5 BN sistal
L 300C. 1. 2Mpat, CoC-cit PA/C I 55.89w1% Cao %
Pd/ZnO/CUE T30 190°C .3MpaH, C-0 H4fi ﬁfﬁﬁ%f:%%’mt%(%ﬁﬂ Wang 2520
? PRI KAE)
Ni/AL=Si0, 300°C 4MpaH, C-O Hh 441 TAP ARG RT3 23%  Wang 527
Ni Zn /HYa StV Y 295070 290°C N, IR A (iR C-0 & M2 BLIAR 7 AR 38.11% Zhang %529
SZER o i [EY] o B
PAVK T 150°C  Z By B A C-O FER S ; %W AT AM2 B o
PUNIALO, 140°C [ iU AL 518 ik bk S fp TS SRR IR T % 46.6w1% Zhou R
200°C, AR — kA C_,~OArf#,
Ni/HY B 5831 49mol % (4R A — hen 2551
0 - Caryl B LRt 551 49mol % FY AT A — 1) Shen 4§
) 180°C \N,.0.5Mpa /K H H il O A B 243.94mg/g KT 2, 4-
Ni-Ce/ ; ’ -0/C-C hen 221321
e KA C-ore-Cit KA OIAT 265.65mgle AFE T
. N B-O-4 BRI A WAL 95.2%,
Co JE:AEAL 5 J 270°C. Lot - = N o 233
FEHEALF (A ) FH K A C-O AR S e B 2 40, St % Luo 4%
Ty AR 13 25 B AR 77 3R 39% , B K T
Pd/MgALO RS C-O A iu 27
EALO, T s T R A
T i <, MR R mm
CoMuBrAEAEAl  120°C.6 barO, ZEOWHA A A, G- T gzzf“* RO mmollg e
Pd/CsPMA (POM ) 150°C . 1MPa0, B-0-4 AL 24 FEBERARBCE11.01 wt.% Zhao %14
— —ns(£Y 20K
ComColiEL ;() HALAAT 150°C..1MPa0, C-0.,C~C AL DKM LR I8 w% L%
ARG AT 345 1.01 Al Palumbo
7 +h ° i T _ Bl
B (Mn) 85 (Zr) 8k 150°C .6bar0, . LR AT C-CHEZLR 0,96 mmol H{k/g (34 P
FAT BRI o B-O-4f(CafiiiiffL) C-CHE et
(GO-UHP) 4L <120°C. I AL TRFR =220 wt.% Peng 5§
5o E A Sk
cuoroNT it 0 URIE B C-0.C-C HEAE oK 13.9% Tang %5

200°C

HYHY S T Cs,Bi,Bry/Bi, WO, 5 [t 45 25 k4 YA AL 1, K
A C —C AU AL A W e 2R BRI 1) 5 7 T R O A
R =), 77 2RI R 76% % 88% ., HLIRHF5T F M,
C, A H1 35 - O B i) 75 Te 30 3 8 25 BRI A 1
R ARG C-C, BT R B &2, 2 S B & 4% C-C
SRR B TR . Liang 255 R FAE B 4 )2 0k
il £ T MoS,/Zn0 5 S &5 Ak , 768 75 - 1] W56 o
[F] S5 A X AR T ZE AR Y 4K 5 ) PP—ol BB JoiT 25 i
TR, &R BN, KR 3 /NP S
95.8% 1) PP—ol % AL 3R I B A W 24 B-O-4 2 , 4 /N

DB AR T B R GK 33.2%, HFE AR &I L
(20% ) T AT3 PR i 15 4 5 JHL veg 2080 Ak 2R ) i DR T
ARG S S R FEm DA R T E S, e
E - OH I PP b R AR B, [R] IR 7 i Al 1 ) 5
PP B0 fih | e SBT3 A 2R

TE L — e AL RHAR Z il i 18 A it |k
B TR R T D RE AL A 4% 45 T BE, RS HEDE AL L
FRREA 45 F S I VAL A, SR B B S Y
SE MG AL . Ma S50 1o K48 2 55 2% 1 s 46 13 [7) 2
P g=C N, I 16 UCK HHT T AR BUR B-0-4 #E84 fk
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B Q-FKE - 1-FR O WOL IR R . LK
JRW BAL IS B9 g-C,N, RE S S BT 2- R 4H -1
TR SE A B, 3 A PR Y S At 1] A Ak 7
a1, A] DoKW DO R ek w53k 77.28% )
B AR Jy R HURR o LB BT 2R W, 3R TR BT A5 ot 3 3k
B SR R S A UETE TR R AN (-OH L -0 B A
B, DMREAL T C—O B T 24 B% A% . Dai 555 i
BRFE TR SR T ZIF-8-NH,@Bi/Bi,Mo0, & A 1 K}
HIEHEAL R BE | 78 25 R a4l O, AU h LB A TR R
BRI G W) 2-FR SR FE—1-TK L BE(PP-ol ) Ko 5 A
ARIEZE M C-O SR A . 25 R %M, e b
PP-ol 5 AL R 3K 93% , 2K Iy AR £ B 7= 2R 43 90 K 57%
H148% ; TE21 O, % AL 223K 100% , % 1 AR £ 1 7
R T E 69% T 68%; XF i A i & Al 4k 15
25 mg/g KRR MNAFEEE, ZERRIHEF Bi gk
TR 2 TR 45 B R LR BN L Z1F-8-NH, 5 Bi,MoO,
Z ] By S B 45 DL M Bi 5 Bi,MoO, =22 6] Y 14 45 k45 AL
RS R T R o TIPS = g A
AR HE O, AR 516k, AR K0, Z Y R A (R it
Co-O BEWI R £ 2 MEH . Geng 557 48 Ni #5222
ZnIn SOGHEALT]  F G L lE- LG EIAE IR &R 5L
BT AREE B-O0-4 BRI A Y 2R A B 12K L
(PP—ol) (1R 8K C,—O SR 2, TN HE Ak R K Wy K 2
Tl 45 35 5 BAAAR | 7 SR 43 R 25.99% Fl 24.2% ., X EL
SCHUEFE KRR R RN 7.8%, EE =Y
R FRFOR TG AE Y . LSRR IR T N A
VB H T AR oA B e AR B T 2 A T
S FRUE, FIB A2 AR A% C, R
], KR AR C,—O SR 5 B, T & s it &l —
AAES) N ) S BRI T

Shy it — 25 G WAL 8 A AL AR R X [ C—C
T AL 3Z BR B0, s AL DB ER A | A 55
T TR A Ak B 12 B A 4K T & o Qin 255 R
Cs,Sh,Br, 44 K AR AE J S AE AT, R T R B AL LA
Yy 2- 2K 8 - 1-2K 2 | (PP-ol) $54k R 3% 100%, C—C
R PRIk S 2R GK 97.5% , R IR SR P IR 6 7 R
43 503K 93.7% F197.4% ., LR A, L7 %
1] SbLewis iR {37 255 Br (7 2 BRI/, 35 B AR C—
CHEMRRE 22 . WK 6 TR , iZ B Ak i 3238 3 Sh
DS TG AL IR Y C,—H 8, Br v 5 B[R] B e 2 B ]
R TE S Te A, il C,-C B W7 %L . Jiang
SR H CsPbBr, & F £ (CPB-QDs) il Hantzsch fig
(HEH,) B[Rl fiEAk , i 3R 22 iR 0 22 IS 9 A6 AR I 1)

) 0 03 2K P R AR A IR OR B AR R
%05 B B B (TOF) He B4R GE /Y Te fiEfB AR
FE 1745, K@ aeH Kl F, HEH, &
CPB-QDs HiH FH G4k A4E Bl HEH, -+ ix W Fh e
SR 22 CECORVE T IRl AU S R Y
WA WG 2 TR A P A N Car A H 3L
IR , M 535 B A C,—O- Ar B AY MR B B . Hu 25
PLB-0-4 R R B G W R Y, R I BOG A
A R DY T e A, — F R AR (DMSO ) /P9 T
KT, 5 = HEIR IR A W R A AR R R
PEAL SR, SEBA S AR AL Hh C-C B B PR IR 2, 4
e T AT 45 3 3,4-— H AL R H IR 99% . 1%
ZEOR 5 T IR S0 AR T S A
e AR | 2R DU T AT RO RN AR . DMSO
9T R e R, R O OGRS B =
UM ER I B-O-4 5 ] 247 1 B . Wang S5
il 5 T %0 3 bt 1 0 7 10 M AR R 9 ZinIn S, (Z1S) 1%
WAE AL, 26T WIETF i AEAH T i AR A
%, 8 /NI G AR A5 T RB AL Y B R A IR K 28.8
wt% , 7 TH AL 5 1) Bl FE Be 2 A (U AT 1 Z1S 7E e 1A 2
(RO N ) 5 TR (87 5 43 5 ) =22 1) S 0 710 A
P AT S A A AR AT S T | R TE ARG A
TR SRR TR B-0-4 BT 2L

Zi b A R v A IR R R MR E ]
DGR A5 1, 4R it R C-0 4 (B-0-4 %) I
C-CHE(B-1.8-5%), il 57 Ji4h Bl B2 5% 0k
PETFER I T B ROR i DL SR R R R AR L
BT o AT A4 T RCRAL LSRR
FAENPEZE BN 2, BeAh, o H IR RR
FIREVE T A SR 45 7, P e 7 253 2o 4%
A 2 T B RN T M R P R R R e i SR
MG KT RAEWRKEMMHELT, 5IA
Je-B LS 2 R EE S ROGRONVAR R | P
SEPRA T 2R R AR AR 2R
123 wiEiLmE

P4 b i 2R 02 1) P P 7B 1 422 3K Bl ARk i J
N SEBUA R BE PR TR W 1 sk s bR . 5K
AR BB B AR 1 i 3R D 2O TR] e A Ak 2o o 7 4
TIVERLASE , TR v VA 42 AP A S B 0 A 3R ) 2 5 5
J12F R H C-0 F1 C—C B A W 24842 5 77 ) 43
i o R FE AR H R R T84T, o A A Ak 7
SO JF R A RN SRR F A SRR LR
i AT AR IR A X BRI AR
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oo
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Fig.6  Reaction mechanism for photocatalytic C—C bond cleavage of lignin over Cs,Sh,Br, nanocrystals®™

18 e TR A AR AR 1 F D BBl T AR

R PR 52 17 A TR g AN ] P A i 2R T 49
BH M 41 55 B G J 7 4% R B A% . S fb ik i
Ao it SRR B 423 UK BT R 4+ rh iy e+, 4F
BCPA B R A, ST S & C-C Bl C-0 B
Wi, Xu 25l 4 T MoS, S 45 i 34 B 4R (32
B6) FAL Y AR B R TR A A, AT
MUIRFIA TR o 49.82wi% i AT IR 20 43 AR R 5B, 0%
T PR ICR B I8 13wt% . BEAh, LA R BRI
B 2R A IR O (La) WY KR =
1K 93.69% , F B R AR HRE R R G R
TCH S R P2 5 C,—C B 1Y T 2L PR 134 85.36% , I
BT T C-C M AL AL W B 5T . il
DFT 54878 7 —FhoSUs 42 H i BEHLER (181 7) , )%
2 LA TBHP i H i 338, A2 B tBuO - 5 L C,—H P 1
Cor A, 3 2RSS 5 2 50 0,11
FI R R R K % A2 S ST B, A 05 A G AR . Yang
M FH B BH S 5 SRS o 1 A AR e AL 7
Ni(OH),~V, 7E B A Ak S A 2511, ik B-0-4 UK
JRFE BRI A Y (2-PPE) A B FOKFSFE# 3R 4=
WA By R RS R AR . b, 2-PPE SE 58
SHAL AR IICR 85.7% R H RN 96.5% ; X T 1L
AR TR 5 B B e SRR 19.54w% , FLAR
AR T X023 (52 B[RV T, A 03 i i 40 W R B3R AT
PR SN BE &R, TT AL R Ty N i 5 B LA ]k

AL, T B 3 T C —C, i 11 U7 4300 15 7 iy i
PPk, LiZE ] 46 T = JC FeCoNi(OH)x@NF fiE1k51) ,
W A S5 2R R SR AL i SR DA AR 7R A TS A AR S A
T 1.42V i}, PP-ol 74k %83k I % 5 {8 55.0% . Horfr,
i FR TR R R 1 1 3 RS 0 43 0 R A 45.9% Al
30.3%. Waura—angkura 55" % FH % £ i iU W #s 45
B oA B PR EFE L ImA L K-
LY A5 B8 B[] 1008 25 44 T 552 30 B8 A A i 22
X B-0-445M M) 2- 8 -1 4 1 (PPE) 5 %
a-0-4 Z5F [R5 SL 2K SL Tt (BPE ) P b AC o A5 7 4k
B WAL 2R IK T5% F1 929 5 F 375 71 38 3o 9 48 JELAS -
OH ¥ 8 5 A ot 22 4 ik 32 5 Wi ik SR A%

IS D LA A A7 R D S o B R A A D 3
A SR PR A LA R R C-0# K%, He
LN AR B Cu(DIF) CuO 409 K A%y HL AL 7], 78 H
FRJE ST LA TR 2- KA -1- R L2
(PPE) 5 HEMARARTTZER 1 C, —O(C)FE Y ey
W, A Bl R A R I R A B AR S i s e
PPE % 1k Sy X 28 Z W W02 Ry 95.3% 7% Y it i %
88.6% , F. 55 A 5T Z& 77 W) IR 10.9wt% H 1E £ 1>
63.0% ; FL 2 R W IR T Cu(1)7 2558 Ak IS 40 W B
RRAR 5 - 1 SR 1R BB 22, DA T S 30 1o 226 6 A 1T
2L, —O(C)s I 4 il i B2 ik Jit (151 8) o Lindenbeck
SEOTE LA AL by EL AR AR R A TR KRR TR B
F B JEAE AL 2E ST, SR B Y [ 25 i 3R
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55 a5k, AR O BN RN 4-FR IR EN |
H R A 5 C TR AE BRI e i E A o a2 AT B — 25
K FHAR AR A FE AR, ZEAR [R] S5 R S T
AR Z 1) e BN D5 B i 5 B W A B W i Ak
AN OBEN TR L TREN RS . Liu 5™
DUV R FAE AL R, 76 W R R K AR A 0t L5
20h HL Ak 2F R AR T, S B AR R 6 A 5T R 1 i 3R
5 o5tk 158 4- BRI EHEE R PR
ERAF ). Ren S57R H 3 F BUAE AL T, 75 T
LIk 2 45 1 T AR PP-ol 5 4k, SRR W) 99% % 1k
L5 329 R EENCR R = S0, A A
JRUA AT g AR 22 P tBuO - [ i 3 1 [ vl JE A UM
A S C-CHEWT L . Huang 254 T —Fogr AU A
XUH gt 3 | i) 2 T R R W M R A A I 5 Ak 1
TLRRA T EBRL S Y EIRAR TR T C,
B TR T UK “C, L B B R S T A c-HY
N-H 28 A B2 R 4 70 e A AL gt rh B X, AT
DL REM 7 20 B C-O BRI T 24, ik PR A5 31 3,
4'-Z WA R OR R 5 1 2B I TR B A
S HLERRFFERWI, C,, S BN S0 0938 12 1T i S
()42 H* (fh 22 20 I8 B TS J2: B FHERS o

Xt T HLAE AR AR R T, A0 A e S W
SR A 5 )R] AR ) SR A SRR S 5 2o v BE A PR
] BEAR #E 557 A T A i — 20 AL R & DR 4
A A0 R R o R R R S L Y
P U Pk A L HE A AL R RS e A 2 TR A X LA
G VT 5 R B R DG TR R ARG B 7 W 4 i IR
A He iy 2R A v SRR FRBRAL R O T L 25 T
SR (I XPS (EIS) fi#t T C-0/C—C #ET5 AL L
B IR A ol i f A S5 4, LS R i R AE TR AN
AR BRI R S o B .
1.24 Ry

Ot LA AL R RO R A O RB IR 5 R R AR Y
DAL AR o B A ' B[R] AM Jn Jig
RS e (SR = & - A (1 i U S e
P -2 7O A, T AR TR AR A ORG o R Y
ARFE b R B B-0-4 BEFE Ak 2, SE A
2 RS . AHER TRk LR R
G HL PR RIS HL I A EDG AL IR BEAE . r Ak s
PR ) BUEE L B, vl ORG o VR 4 B R Bl 2 AR AL AR
KRB, KU HE T AT R R BCR 57 Wk 51k
KRR S S E AR T 2 A
Bz

R EETEA TR G AR SR MR IFSEE AR
FH S5 45 B TR TG R A5 2% S I AR I8 458 55 2
PERWE .l A SN H R A R A
DL R e SROBUIG P 7 A, DT A 7 I 4 C-0/C—C 3 o
Zhang ZF7R H 4k ZnIn,S, 20K B 55 B 44 K JOkE 1)
AR AR IR AR T L 52 C,-C B 100% W
24, Hr GHRUABTER (B B % LR 90%;
B-0-4 AR =y R HEE R T R B A
5 77 R4 5 R 233.34.,66.03 . 54.98mg- gt AL BRI
FEAI A RS R0 A B3RS AR R C,-O0H
S E A R, BRI 5] & C-CHEWT L, O HAE G
R AR R B A A EC-C), il il & C,-H B BE
1k AL B PR R o Lin Z™41 46 T CoMn—P {1k
SRS R BTE ARG (3,4,5- = H 4/
B ) SE AL Ry 3.4- AR SRR 2 A,
W BE FH 2-0R AE - 10K BT R S5 , A6 A R Ak
LA 128 O BE S 2R B A F R 70% , T AE G
M 120min J5 , 7 ALK 2] T 90%. CoMn [ 5744
T AH LR R 2% TG B—0—4 B | i YR L P AR 3 1Y
BF, 3 3 43 24 p BUIE A s BB (R E L TP EE RS A
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Table 2 Representative catalysts and efficiency comparison of lignin depolymerization via photocatalysis, electrocatalysis,

and photoelectrocatalysis
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Lignocellulose (1 g)

LignoFlex
*Full conversion
*Excellent total carbon utilization
*Non-noble-metal catalysts
*Towards overall sustainability
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Fig.11 Schematic diagram of the overall catalytic process and mass balance results for pine wood lignocellulose
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Fig.12  Schematic diagram of lignin depolymerization pathways proposed based on experimental results from hydrothermal

liquefaction of paper mill black liquor (BL)
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Fig.13  Mechanism of condensation inhibition during lignin isolation with ChCl/GA and the effect of y—hydroxyl removal on lignin

separation
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Table 4 Other highly efficient methods for the depolymerization of lignin
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Table 5 Comparison of 3—0-4 Bond Cleavage Intermediates and Product Distributions under Different Catalytic Systems
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General strategies for blocking condensation sites during lignin depolymerization
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Fig.14  General strategies for blocking condensation sites during lignin depolymerization
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Catalytic funneling
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(a) Conversion of propyl-lignin monomer oil to phenol and propylene via a two—step catalytic process (Sels et al.); (b) Ni—

catalyzed reduction to cyclohexanol derivatives for hio—based PET synthesis (Barta et al.); (c) Pressure—sensitive adhesives prepared

from acrylated polymerization of lignin monomers (Epps I1I et al.); (d) Wood RCF and extraction for olefinic monomer enrichment,

followed by olefin metathesis of lignin—derived monomer oil into BPA alternatives and 2—butene for final polyester polymerization
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Table 6 Comparison of high—value valorization pathways for lignin—depolymerized monomers
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