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Abstract: The development of renewable energy and carbon neutrality is imperative due to the
depletion of fossil fuels and environmental pollution. Lignin, as the abundant natural aromatic polymer,
can be converted into high—value chemicals and fuels, offering an alternative to fossil resources. The
bio—oil and chemicals generated from lignin depolymerization have limited direct applications due to
their high oxygen content. The strategy of hydrodeoxygenation (HDO) provides a pathway for the devel-
opment of high — value biobased fuels and chemicals. However, the traditional lignin conversion
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
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or lignin’s functional groups as hydrogen sources. During the catalytic process, hydrogen is generated in

situ and acts on the substrate, achieving efficient value—added conversion. This method not only effec-

tively 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 lignin, the research progress of in—situ hydrogen supply in recent

years is summarized. The analysis includes the reaction mechanisms of four commonly used in—situ cat-
alytic HDO strategies: combined reforming 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 4 Research progress in SSH of lignin
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Pd, Cu, HEI TR 755.0
AR 3 H -
C,H,—OH Cp * Ir BRI BERR 130°C, 1h FER 100.0 57
v P B- il A ik : 7
RuFe/Nb, O 8.2
C,H,—OH 300 °C, 25 h HEAR BRI K [58]
Ru/Nb, 05 3.2
—OCH, P1/NiAlL 0, 280 C, 20 h (¥ NGTE S 4o LB 17.3 [59]
—OCH, RuW/Si0, 175°C, 5h S 100.0 [60]

1. PP AR 2 R A1 K LB



- 40 - e O B R A

%5 38 B4 2 1]

6 HFHiLERE

TE R AT - 2E e 5 RS2 B0 BURK H AR 19 75 5t
TRBR B BRI A2 785N Z T
Fo R H AT R B T 5 ASME R RN
AR I il R AN TR SR 20T R R T
H IR AR 22 A DRI SR A Sk
G 1 A IR, SR AT R SR B R A B 2
PEo S AU ™ EO0F TR R R B &
S TR AN A N SRR B Rt R
SRRF T A 2R S AR A S 4 B AP 5 10 3% T
SR (R 0 AR A A 7R B O 24 A7 ) e 1 4
P, LU IR 2 MBETIAL 5 ) 3 R AR R B R
N

S 2% 30k ( References) ;

[1] UBANDO A T, FELIX C B, CHEN W H. Biorefineries in cir-
cular bioeconomy; A comprehensive review [ J ]. Bioresource
Technology, 2020, 299. 122585-122602.

[2] QUENEAU Y, HAN B. Biomass; Renewable carbon resource
for chemical and energy industry[ J]. Innovation (Camb), 2022,
3(1): 100184-100186.

[3] DAHMEN N, LEWANDOWSKI I, ZIBEK S, et al. Integrated
lignocellulosic value chains in a growing bioeconomy ; Status quo
and perspectives [ J]. Global Change Biology Bioenergy, 2019,
11(1) . 107-117.

[4] RAJESH Banu J, PREETHI, KAVITHA S, et al. Lignocellulo-
sic biomass based biorefinery: A successful platform towards cir-
cular bioeconomy[ J]. Fuel, 2021, 302; 121086-121103.

[5] DE Bruyn M, BUDARIN V L, STURM G S J, et al. Subtle mi-
crowave—induced overheating effects in an industrial demethyla-
tion reaction and their direct use in the development of an inno-
vative microwave reactor| J |. Journal of the American Chemical
Society, 2017, 139(15) ; 5431-5436.

[6] PONNUSAMY V K, NGUYEN D D, DHARMARAJA J, et al.
A review on lignin structure, pretreatments, fermentation reac-
tions and biorefinery potential [ J]. Bioresource Technology,
2019, 271 462-472.

[7] CAOY, CHEN S S, ZHANG S, et al. Advances in lignin valoriza-
tion towards bio—based chemicals and fuels: Lignin biorefinery[ J].
Bioresource Technology, 2019, 291 121878-121888.

[8] LIH, LIUM, ZOU W, et al. Selective hydrodeoxygenation of
lignin and its derivatives without initial reaction pressure using
MOF-derived carbon —supported nickel composites[ J]. ACS
Sustainable Chemical & Engineering, 2022, 10(17) . 5430-
5440.

[9] RAGAUSKAS A J, BECKHAM G T, BIDDY M J, et al. Lignin
valorization ; Improving lignin processing in the biorefinery[ J].
Science, 2014, 344(6185) . 1246843-1246852.

[10] SHEN X, XIN Y, LIU H, et al. Product—oriented direct

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

cleavage of chemical linkages in lignin[ J]. ChemSusChem,
2020, 13(17) : 4367-4381.

SUN Z, FRIDRICH B, DE SANTI A, et al. Bright side of lig-
nin depolymerization; Toward new platform chemicals [ J ].
Chemical Reviews, 2018, 118(2) : 614-678.

WANG X, ARAI M, WU Q, et al. Hydrodeoxygenation of lig-
nin—derived phenolics — A review on the active sites of sup-
ported metal catalysts[ J]. Green Chemistry, 2020, 22(23) .
8140-8168.

TERRELL E, DELLON L D, DUFOUR A, et al. A review on
lignin Liquefaction: Advanced characterization of structure and
microkinetic modeling[ J]. Industrial & Engineering Chemistry
Research, 2019, 59(2): 526-555.

LI L, KONG J, ZHANG H, et al. Selective aerobic oxidative
cleavage of lignin C—C bonds over novel hierarchical Ce-Cu/
MFI nanosheets [ J ]. Applied Catalysis B: Environmental,
2020, 279 119343-119358.

Wb, B, HBE, & CRBIRML” /T ALY Bue
JEAEAL S BEEOR B FE e (1], RETRBRBE fR4P, 2023, 37
(3): 64-74.

YANG Xu, LUO Zhicheng, XIAO Rui, et al. Progress of re-
ductive catalytic fractionation of lignocellulosic biomass based
on the lignin—first strategy[ J]. Energy Environmental Protec-
tion, 2023, 37(3): 64-74.

SCHUTYSER W, RENDERS T, VAN DEN BOSCH S, et al.
Chemicals from lignin: An interplay of lignocellulose fractiona-
tion, depolymerisation, and upgrading[ J]. Chemical Society
Reviews, 2018, 47(3) : 852-908.

XU C, ARANCON R A D, LABIDI J, et al. Lignin depoly-
merisation strategies: Towards valuable chemicals and fuels
[J]. Chemical Society Reviews, 2014, 43(22) ;. 7485-7500.
B, B, B, S5 AROMAE Y B R
bS], fE IR, 2023, 37(2): 134
—-146.

ZHAO Zhiyue, JIANG Weizhi, ZENG Yongjian, et al. Ad-
vances in the porolytic transformation of lignocellulosic biomass
to phenol—enriched bio—oil[ J]. Energy Environmental Protec-
tion, 2023, 37(2) . 134-146.

QUESTELL Santiago Y M, GALKIN M V, BARTA K, et al.
Stabilization strategies in biomass depolymerization using chem-
ical functionalization[ J]. Nature Reviews Chemistry, 2020, 4
(6): 311-330.

LIU C, WANG H, KARIM A M, et al. Catalytic fast pyrolysis
of lignocellulosic biomass [ J ]. Chemical Society Reviews,
2014, 43(22) . 7594-7623.

SHEN X, ZHANG C, HAN B, et al. Catalytic self—transfer
hydrogenolysis of lignin with endogenous hydrogen: Road to
the carbon — neutral future [ J ]. Chemical Society Reviews,
2022, 51(5) . 1608-1628.

LU X, GU X. Efficient lignin conversion over Ni/ ( Fe/Zn/Co/
Mo/Cu) = WO5/Al, O; for selectively yielding alkyl phenols
[J]. Catalysis Science & Technology, 2023, 13 (2). 468
—-478.



BB AN R U A U A T e i

« 4] -

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

LI C, ZHAO X, WANG A, et al. Catalytic transformation of
lignin for the production of chemicals and fuels[ J]. Chemical
Reviews, 2015, 115(21) : 11559-11624.

SHAFAGHAT H, TSANG Y F, JEON J K, et al. In—situ hy-
drogenation of bio—oil/bio—oil phenolic compounds with sec-
ondary alcohols over a synthesized mesoporous Ni/CeO,
catalyst [ J |]. Chemical Engineering Journal, 2020, 382.
122912-122922.

TONG L, CAI B, ZHANG R, et al. In situ hydrodeoxygenati-
on of lignin—derived phenols with synergistic effect between the
bimetal and Nb,Os support [ J]. Frontiers in Energy Resea-
rch, 2021, 9. 746109-746121.

CORTRIGHT R D, DAVDA R R, DUMESIC J A. Hydrogen
from catalytic reforming of biomass —derived hydrocarbons in
liquid water[ J]. Nature, 2002, 418(6901) : 964-967.
KIRILIN A V, TOKAREV A V, KUSTOV L M, et al. Aque-
ous phase reforming of xylitol and sorbitol ; Comparison and in-
fluence of substrate structure[ J]. Applied Catalysis A; Gener-
al, 2012, 435; 172-180.

DAVDA R R, SHABAKER J W, HUBER G W, et al. A re-
view of catalytic issues and process conditions for renewable
hydrogen and alkanes by aqueous — phase reforming of oxyg-
enated hydrocarbons over supported metal catalysts [ J ].
Applied Catalysis B; Environmental, 2005, 56(1-2) . 171-
186.

CHEN F, WU C, DONG L, et al. Characteristics and catalytic
properties of Ni/CaAlO, catalyst for hydrogen—enriched syngas
production from pyrolysis—steam reforming of biomass sawdust
[J]. Applied Catalysis B: Environmental, 2016, 183, 168—
175.

FREITAS I C, MANFRO R L, SOUZA M M V M. Hydrogen-
olysis of glycerol to propylene glycol in continuous system with-
out hydrogen addition over Cu—Ni catalysts[ J]. Applied Catal-
ysis B: Environmental, 2018, 220. 31-41.

FASOLINI A, CESPI D, TABANELLI T, et al. Hydrogen
from renewables: A case study of glycerol reforming[ J]. Cata-
lysts, 2019, 9(9) . 722-742.

MD Radzi M R, MANOGARAN M D, YUSOFF M H M, et al.
Production of propanediols through in situ glycerol hydrogenol-
ysis via aqueous phase reforming: A review [ J]. Catalysts,
2022, 12(9) : 945-969.

JIN W, PASTOR Pérez L., YU J, et al. Cost—effective routes
for catalytic biomass upgrading[ J]. Current Opinion in Green
and Sustainable Chemistry, 2020, 23 1-9.

JIN W, GANDARA Loe J, PASTOR Pérez L, et al. Guaiacol
hydrotreatment in an integrated APR—HDO process: Exploring
the promoting effect of platinum on Ni—Pt catalysts and assess-
ing methanol and glycerol as hydrogen sources[ J]. Renewable
Energy, 2023, 215: 118907-118918.

PIPITONE G, ZOPPI G, BOCCHINI S, et al. Aqueous phase
reforming of the residual waters derived from lignin—rich hydro-
thermal liquefaction: Investigation of representative organic

compounds and actual biorefinery streams [ J ]. Catalysis

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Today, 2020, 345. 237-250.

BOGA D A, LIU F, BRUININCX P C A, et al. Aqueous—
phase reforming of crude glycerol: Effect of impurities on hy-
drogen production[ J ]. Catalysis Science & Technology, 2016,
6(1): 134-143.

LID, LI'Y, LIU X, et al. NiAl,O, spinel supported Pt cata-
lyst: High performance and origin in aqueous—phase reforming
of methanol[ J]. ACS Catalysis, 2019, 9(10) ; 9671-9682.
GUO Y, LIU X, WNAG Y. Catalytic and DRIFTS studies of
Pt—based bimetallic alloy catalysts in aqueous—phase reforming
of glycerol[ J]. Industrial & Engineering Chemistry Research,
2019, 58(8) : 2749-2758.

DOMINGUEZ Barroso V, HERRERA C, LARRUBIA M A, et
al. Coupling of glycerol=APR and in situ hydrodeoxygenation
of fatty acid to produce hydrocarbons [ J]. Fuel Processing
Technology, 2019, 190. 21-28.

VENKATESAN T V. Functional metal oxides: New science
and novel applications [ M ]. Hoboken; Wiley—VCH Verlag
GmbH & Co. KGaA, 2013; 7-31.

YANG T, ZHANG W, LI R, et al. Deoxy—liquefaction of corn
stalk in subcritical water with hydrogen generated in situ via
aluminum—water reaction[ J |. Energy & Fuels, 2017, 31(9) :
9605-9612.

CHENG S, WEI L, JULSON J, et al. Hydrodeoxygenation up-
grading of pine sawdust bio—oil using zinc metal with zero va-
lency[ J]. Journal of the Taiwan Institute of Chemical Engi-
neers, 2017, 74. 146-153.

CHENG S, WEI L, ALSOWIJ M R, et al. In situ hydrodeoxy-
genation upgrading of pine sawdust bio—oil to hydrocarbon bio-
fuel using Pd/C catalyst[ J]. Journal of the Energy Institute,
2018, 91(2): 163-171.

CHENG S, WEI L, RABNAWAZ M. Catalytic liquefaction of
pine sawdust and in—situ hydrogenation of bio—crude over bi-
functional Co—Zn/HZSM =35 catalysts[ J]. Fuel, 2018, 223.
252-260.

ZHANG J. Catalytic transfer hydrogenolysis as an efficient route
in cleavage of lignin and model compounds[ J]. Green Energy
& Environment, 2018, 3(4) . 328-334.

SHIVHARE A, JAMPAIAH D, BHARGAVA S K, et al. Hy-
drogenolysis of lignin—derived aromatic ethers over heterogen-
eous catalysts[ J]. ACS Sustainable Chemical & Engineering,
2021, 9(9) : 3379-3407.

GILKEY M J, XU B. Heterogeneous catalytic transfer hydro-
genation as an effective pathway in biomass upgrading[ J].
ACS Catalysis, 2016, 6(3) . 1420-1436.

CAI B, ZHOU X C, MIAO Y C, et al. Enhanced catalytic
transfer hydrogenation of ethyl levulinate to <y — valerolactone
over a robust Cu=Ni bimetallic catalyst[ J]. ACS Sustainable
Chemical & Engineering, 2016, 5(2) . 1322-1331.

ZENG Y, WANG Z, LIN W, et al. In situ hydrodeoxygenation
of phenol with liquid hydrogen donor over three supported
noble — metal catalysts [ J ]. Chemical Engineering Journal,

2017, 320: 55-62.



42 e O B R A

%5 38 B4 2 1]

[50]

[51]

[52]

[53]

[54]

[55]

LUO L, YANG J, YAO G, et al. Controlling the selectivity to
chemicals from catalytic depolymerization of kraft lignin with in
—situ H, [ J]. Bioresource Technology, 2018, 264. 1-6.
GUO M, MALTARI R, ZHANG R, et al. Hydrothermal depo-
lymerization of kraft lignins with green C; —C; alcohol —water
mixtures [ J ]. Energy Fuels, 2021, 35 (19). 15770 -
15777.

KIM M, HA J M, LEE K Y, et al. Catalytic transfer hydro-
genation/hydrogenolysis of guaiacol to cyclohexane over bime-
tallic RuRe/C catalysts[ J]. Catalysis Communications, 2016,
86: 113-118.

LU X, GUO H, CHEN ], et al. Selective catalytic transfer hy-
drogenation of lignin to alkyl guaiacols over NiMo/Al-MCM—
41[J]. ChemSusChem, 2022, 15(7) : €202200099.
HOSSAIN M A, PHUNG T K, RAHAMAN M S, et al. Cata-
Iytic cleavage of the B—0—4 aryl ether bonds of lignin model
compounds by Ru/C catalyst[ J]. Applied Catalysis A; Gener-
al, 2019, 582; 117100-117106.

DOU Z, ZHANG Z, WANG M. Self-hydrogen transfer hydro-
genolysis of native lignin over Pd=Pd0/TiO,[ J]. Applied Ca-

[56]

[57]

[58]

[59]

[60]

talysis B: Environmental, 2022, 301 120767-120774.
ZHANG ] W, LU G P, CAI C. Self-hydrogen transfer hydro-
genolysis of B—0-4 linkages in lignin catalyzed by MIL-100
(Fe) supported Pd—Ni BMNPs[ J]. Green Chemistry, 2017,
19(19) ; 4538-4543.

LANCEFIELD C S, TEUNISSEN L W, WECKHUYSEN B M,
et al. Iridium—catalysed primary alcohol oxidation and hydrogen
shuttling for the depolymerisation of lignin[ J]. Green Chem-
istry, 2018, 20(14) . 3214-3221.

LI L, DONG L, LIU X, et al. Selective production of ethyl-
benzene from lignin oil over FeO, modified Ru/Nb, O5 catalyst
[J]. Applied Catalysis B; Environmental, 2020, 260;
118143-118152.

LI L, DONG L, LI D, et al. Hydrogen—free production of 4—
alkylphenols from lignin via self—reforming—driven depolymer-
ization and hydrogenolysis [ J ]. ACS Catalysis, 2020, 10
(24): 15197-15206.

MENG Q, YAN J, LIU H, et al. Self-supported hydrogen-
olysis of aromatic ethers to arenes[ J]. Science Advances,

2019, 5(11) : 6839-6848.



