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Abstract ; The development of renewable energy and carbon neutrality is imperativedue to the depletion
of fossil fuels and environmental pollution. Lignin, as the only abundant natural aromatic polymer, can
be valorized through depolymerization and upgrading to produce high—value chemicals and fuels, offer-
ing a promising alternative to fossil resources. The bio—oil and chemicals generated from lignin depoly-
merization have limited direct applications due to their high oxygen content. The strategy of hydrodeoxy-
genation (HDO) provides a promising pathway for the development of high—value biobased fuels and
chemicals. However, the traditional lignin valorization process, which is dominated by high—pressure
molecular hydrogen, poses safety hazards, hindering its industrial promotion. In—situ catalytic HDO of
lignin can be an alternative strategy. It utilizes solvents or lignin’s functional groups as hydrogen

sources. During the catalytic process, hydrogen is generated in situ and acts on the substrate, achieving

s B . 2024-01-02 DOI:10.20078/j.eep.20240117
EL£WMAB. B8 AHFA4F 3R A (22278085)
EEE N AR EE(1999—) , %, T RTA,AEA T L, LLMF R @A FAE BT FA2H 5 FRAH A,
E-mail ; 21210740033 @ fudan.edu.cn
BIFUEE kL& (1974—) , B, LA ZAA,#IZ, T ZH AT @A AAE T E1EH5 FRAAA A, E-mail; zhangsc@ fudan.edu.cn



efficient value—added conversion. This method not only effectively avoids the need for external high—

pressure hydrogen supply but also enables in—situ upgrading of lignin under mild conditions, improving

atomic utilization and product selectivity. Through the study of in—situ catalytic HDO strategies for lig-

nin, the research progress of in—situ hydrogen supply in recent years is summarized. The analysis in-

cludes the reaction mechanisms of four commonly used in—situ catalytic HDO strategies: combined re-
forming and HDO ( RHDO) , combined metal hydrolysis and HDO process (HHDO) , catalytic transfer
hydrogenation (CTH) , and self —supported hydrogenolysis ( SSH). The status of various strategies is

discussed, and the research focus, challenges, and prospects of in—situ catalytic HDO strategies for

lignin are explored.

Keywords: Lignin; Hydrodeoxygenation; Aqueous phase reforming; Metal hydrolysis; Catalytic transfer

hydrogenation ; Self—supported hydrogenolysis
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Table 1 Research progress in RHDO of lignin
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Fig. 3 CTH mechanism of lignin

LR T W B DR T S R R AR A R T
CTH i 7% D) 5 22 1 e s A LA ie iR N4
s W B D - U s 1 L AR B S, CTH Fil—
fi HDO (5 kit fta i —2 7

4.2 MRHARKREE

AR ML SR T e B85 W3R 3,
Hodr SR BEEEXTF CTH SO+ B2, H
AR T B TS (A B N TR . FFE R,

ra ok

o=

R3 KREZHEUEBRSLUHARER
Table 3 Research progress in CTH of lignin
HEE A Ak SN A4 J/ist7] FE Y AR/ % ik
Cu-Ni/AL, 0, 100.0
2T Cu/Al,0, 150 °C, 12 h BN R < Te v -3 P i 92.0 [48]
Ni/Al, 0, 30.0
s — 26.4
L — 37.4
EPEE Ni—Mn/Nb, O5 300°C, 1 h yoktlEN — 38.6 [25]
ST RO 100.0
IE B b7 AL ~76.5
iz HO ke 73.9
I B7NY 73.3
- Ru/ MCM-41 280 C, 4 h Ky R 41.5 [49]
R 'S 19.8
LR EIN =R 6.1
L Rh/La,0,/Ce0,-7r0, 373 °C, 2 h TRA R R EEL7 R 95.1 [50]
Indulin AT KJEE 37.6
S — 220 °C, 48 h AW [51]
AT % 45.0
Rw/C RO AR 99.3
N Pd/C 24 F ik 89.3
S 200°C, 5 h AR [52]
Ni/C R 17.5
RuRe/C O EE 99.1
NiMo/Al-MCM-41 76.0
SN H R Ni/Al-MCM-41 240 C, 8 h EAREER W 65.0 [53]
Mo/Al-MCM-41 63.0




PP S0k R v A A Ak 70 322 1T TR B b S IR ) o
J& , B - AL YIME DL 25 B, AL S M g 52 B AR IR
il o DA PR AR 0 ph s ) e R R 41 S
FefiE J11 > *  TONG %' L Ni-Mn /Nb,O, A f#
R, AN 58 T SN B IS | & R AE AN [
BEE AR ATRIAR B CTH A0, 25 5 26 I S Y B
R R R, N TR, AER R L
PR RN R R R L SR, o SRR R AED)
M EER 2 —, SR LIRS 19%, /NrF
PR AT LLGE o o3 i o AR &R0, el DL A C—OH
fif 542 1 CO A H, 0, M@ T WGS = A2 A/, X
5 RHDO JFERAHAL, F 5% 3% BH BE AN /N o3 F BR 7E
Ru/MCM-41 fEA IR T B A A Ak 28 1 1 40 i)
RORHEE N H R ~ H > L B> SR > LR,
UEAh AT R, b SR Al 75 70 i
R FEREAS R B AL CTH 8% . 72 SR INEE/
IR SRS A T DA BT 28 AT AR 7 A IR
(IR LT 240, 77 AR AR A W, HL i R 5 S
PN ZK 9 A RT LARACAS AR = i o A 0

CTH b 1 FF 2 2 [ Hsf S £ 390 Xof it &
PRI 00 Ak B 1 R IS ) 1) A A S A R o &L e
F1. UUSEEE A B S LA RT B A B Y, IR 5T
ANFl 4 JE AR AT PR Ru/ C>Pd/C>Ni/C,
VLI Ru/C oI S PR It S0 R A B A 1y o 0 4 )
WAL, 249824 Re Hil 1l RuRe/C X4 Ja& fi:
FEFIF , 7E 200 °C .2 MPa &S FJW 5 h, gtk
# 60% (3 B . Horh Re 51 AR 5%
T C—0 B EMRA B R EERS  ERE
PR R AT AP, A4 J@ NiMo/ AlI-MCM-41
PEAR AR L T B — 4 s i A 390 T e e R AR A2 R
AJRR A LA Y, BRI A 5161.6%
25 LTk, CTH & —30 A ¥ /1 RS AR LR A
IR SR SR e, (EL IO S R ™ g DR TR
Z) Y B T BN A 45% I RE S . A, 1B F)
JFfi A2 5 HDO M5 22 W AILEE Ak 350 1) 2k
IR — T 2 RO &R

5 BHtESE

LU SR AT 28800 i AR, A0 i AR
B A B S e A s 1S T A S il
T, ARtERERAEA T LA ) R R IESR
AU B BRI A 2) TR R BUR A R T
Pt A 98 eI A8 5 3) I S R A Jr) A v
5, S, SR RE 15 5 4) AR AL AR Y

SR A, WERREINR 2T
5.1 AEKRRMNHE

AT ZR G5 s 5 A I 1 4 5 R AU T
DI A AL & 0 0 Vs E SR VR, I 52 UE B Y AT
At &Y Sk 4L $F ¢, —OH, C,H,—OH A
—OCH, , &l 4 7R,

C,—OH FEPLE W AFAE T B—0—4 HEAY M5k
SR, n] A U R | AR B 4
ST AR R A

C,H,—OH H A1 % 76 A J5T R 2514 A 31, B0 ufE
SR B A, DR SRR B R R A Ak
HARTTEM, SR 58 C,H,—OH J& [ i 28 i
y BRI T ) ~y JEE BRI ] i — 2 I e A Ak
S CO, AR CO il f 3 2 7K BRE AR 0 S 1 A 7K
R R UL PR, RBTR MG Y ¢ H,—OH
SRS AT DR 2 A S

—OCH, FERITEAR BT % & m AR, i 7 4K
250 20% , ot A K C—H ) i E W A
i C—H BEWT RS BT 3R S AT TSR IR, It
A ,—OCH, 5 A I3 55 J5 28 Al P e, P ] DA ik
P 28 9 A S AR AL 3 A S R

b2

Co—OH H,+ Co=0 (i)
bt oo BLTR WGS
CyH,—OH B H,+CH,= O () ——~ C, H, +CO o Ha+CO,
i APR
R,—oCcH, LA L o 3H, + CO,

H,O
4 KFEE SSH & RIHL#
Fig. 4 SSH mechanism of lignin

5.2 MRHERREE

KA RE A F & AR 25, Rk
W] C,—OH k] B A 5 s i) IR AR I3 40
100%"", HEIRFFE N B 2 SEBUR F A 5 2
1) C,—OH & A it 50 24 fiff 1 = 5 S 90 L 348 {8 5%
fb, Hp Ru Pt Pd Rh %4 8 N HAL S 09 &%
R IR B ) 7 SSH BFSE Hh 4532 K . Ru/C i
T T AL B—0—4 J5 Sk ik () S i, 45
RRW H AT LUA AR C,—OH HE 1t = i ik
C,—O BT IR1T 52.7% 1 2R HE -1 R L
FEiE bR (HP= Y rh 35 IR B e B R AR . DOU
AEUSI 28 7 —Ff PAd-PdO/TiO, 4L 7, J i Pd
Ak C,—OH JEAL ™ &, E W HHE Pd 75 - IE AL
CEHLT, R 2 AR I -1 2K L FE PAO 2 T
SR B, I aE A S SR AR R TR RN OR 1 g
IR 5) 69% MR B BEME . 55 4 8 B At hg
W RO P 80% W58 3R W] PANi 34 @ 94

7



K JBRL 2 (8] £F 7E B9 1Y B R AR, BE 98 fE
130 C FHIH C,—OH FEFISEH 2 AR A I -1 K L
B 100% 7540, 3 B AR = P s Bk 5 2 95% ,
SIS F AU A BB AL B A
T RREMED,

C,H,—OH EEW " ZAFAE T B-I7 Bk R 2k
TR ORI AU R R A B D 2 A
T C,—OH BRI g 5 iy N FR &R, SR T i
T C,H,—OH BEUE Y v—CHO Afg 5 AR
A AR A FIBURR SONE Y & AE . R, € H,—OH
(R LBk . BFSE R IR, 7E Cp * Ir BRI AE
FRAEAL L5 A I A B T LA 1 — R A B A
P i S SR ((C,—C ) BHE DRI R4 0y A1 Pt
FRIR . 25 ] LURALAR E [ 7 ), AR E S L Ak
B ERIATRZ MRS, esh, 51 A=A
4 T B Ak W A AT LA A R A b R 1) H T 2
¥, W52 W Ru/Nb, 0, 2 FeO &1 5, — J5 T
Ru’/Ru” ¥ LU E FEAR, 0 1 C H,—OH Ry &, )
— 77 T AR 2R AR B S s RN £ E T R R
AR I3 , 2 T 4 v 1 A ST 2T ] & AR Y R
1k, HHEL T 28— Ru/Nb, O A AL 2 4 1 e £
PSR TR 2 £

SR S F RS ) A A 4, T D ot o A
HAMEBERAAEE, AR A LS S0
FEEJR, PY/NiAL O, i A7 2 4 F 5% 2 H e o 4

TSR AR, A TR SE ) Pr/y—AL O, fi
AT Pt 1 e AL R R S S IR R v T R
¥, 155 99.9% Fl 95.7% "7 K% MR N
BEARFTREMNH AIM PR, 45 R FEH, RIRHEAA
i A @ B B8 C,—OH, C, H,—OH
—OCH, JE A 1) & ffe AV E 0 ) A 7 4 e SE 1, 7
AR 17.3% (Bt 7340 o LB R %%
N7 IR D e 2 3L ik &5 1 &, il ik C—O B W
4525 B AU BE A B e AR T KR
P &, A S R Be A, 38
b5 IS A T R B T ) S R B R A I e
W —FP ] 17 RS ms . E & R AL Ao, W
PR AR 2 Pk B 24 A 1) AR e AV & R AR R 5
W 5 IA Ru/Sio, i, AR T RuW &4 1
TE R &0, 2K H ek v] LA S 58 45 1k 01 2 i
bR, S tE T 99.9%, 15 HAl B A A [F) %L
SR SRR T AL B W i SR AT 45 AR 2R
BH A Z 0 B AR B i oy P ELA R S
RAEAR T E AP S — g LA R i
PR SO, AR 1 A8k wl WA A 5 0 e (L3R
4) AR ERUEILIR R G R AT R AW T A

RN e g SO0 R 2 (8 vl 5 Sk A g ik — 20
W,

F4 KAREZEBHESSHEMRIHRE
Table 4 Research progress in SSH of lignin
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Pd1C04 7&&@@,7{&%\ 81.0
C,—OH 130°C, 6 h PP [56]
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OH OMe OH
o \\' OMe
C,H,—OH Cp * Ir BRI IE 130°C, 1h o J 100.0 [57]
MeO HO
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Ru/Nb, Oy 3.20
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—OCH, RuW/Si0, 175°C, 5h A HI Bk ES 100.0 [60]
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