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Figure 1 (Color online) Schematic diagram of lignin structure and hydrodeoxygenation reaction route.
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Figure 2 (Color online) Regulatory strategies for catalytic activity of transition metal sulfides.
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Figure 3 (Color online) Three-dimensional structure of some transi-
tion metal sulfides [54,61]. (a—d) Layered structure; (e, f) non-layered
structure.
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Figure 4 (Color online) (a) MoS, structure and HDO reaction mechanism of p-cresol on MoS,; (b) Rim-edge model; (c) remote-control model; (d)

Co-Mo-S active phase model [69-72].
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Figure 5 (Color online) (a) Simplified water resistance scheme of Mo-Co,S¢/Al,05; (b) high resolution transmission electron microscopy (HRTEM)
images of Mo-Co,Sg/Al,05; (¢) extended X-ray absorption fine structure (EXAFS) spectra of Co and Mo K-edge; (d) reaction results of diphenyl ether
on Mo-CoySg/AL,O3; (e) stability of Mo-CoySg/Al,O; in HDO of diphenyl ether; (f) gas chromatography-mass spectrometry (GC-MS) spectra of
organosolv poplar lignin after HDO reaction; (g) 2D-HSQC NMR of organosolv poplar lignin before and after HDO reaction [86].
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5. a-O-4. B-0-4%%, )LFEEMFEA AT R, FHE
T T B A Mo S, A K il % 1%, CoS-MoS, I
Hil UM, HE R, AR & 2R
2005, — KM% H169.5 g CoS-MoS,, MM
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Figure 6 (Color online) (a) Schematic diagram of the synthesis process of Co-MoS,_, catalyst; (b) EXAFS spectra of Co K-edge; (c) HRTEM
diagram of Co-MoS,_,; (d) calculated Gibbs free-energy diagram for the HDO of 4-methylphenol on MoS,_, and Co-MoS,_, catalysts; (¢) 2D-HSQC
NMR of lignin oil before and after reaction over Co-MoS,_,; (f) stability of Co-MoS,_, for 4-methylphenol HDO reactions [74].
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Figure 7 (Color online) (a) Synthesis diagram of CoS-MoS, catalyst; (b) HRTEM image of CoS-MoS,; (¢) EXAFS, X-ray absorption near edge
structure (XANES) and wavelet transform extended X-ray absorption fine structure (WT-EXAFS) spectra of Co foil, CoS, and CoS-MoS,; (d) energy
profile and adsorption model for the direct deoxidation of cresol on MoS, and CoS-MoS, calculated by DFT; (e) stability of CoS-MoS,; (f) catalytic

performance of amplified CoS-MoS, [75].
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Figure 8 (Color online) (a) Strategy for creating edge sites within the basal plane of MoS,; (b) HRTEM image of Pt-MoS,_,; (c) EXAFS spectra of
MoS,_.and Pt-MoS,_,; (d) energy barrier profiles for the HDO of p-cresol on MoS,_, and Pt-MoS,_, calculated by DFT; (e) stability of Pt-MoS,_, in

the HDO of p-cresol [73].
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N, f FIMoS,/SAPO-341F AL F(Entry 8), T &
Iy IR FR . Co,-OCH, MIIC . -OHAE300°C A14 MPa& [k
N3 hE R R RS, HEE AR T &0
(75.0%)F i T & B (13.1%). 5MoS,/SAPO-344f Lt
MoS,/HZSM-5 & 32 15 1 % C o,~-OCH, 2L AL 35
PE, 4-PI R B N34.1% (Entry 9). SR, AH 24 50E
5 T EMAME T EMUIARMBAE. X T HEEN AL
Si0,8A1L, 05 L IMoS, AL 7, AT LIS 2 I /K i& P
13 BB O, (H4-TH 22K ) 1) 77 22 AT SR AN BEAS (Entry
10 & 11). fEMoS/AIO I [ F HE A 4- 5 FE 2K ) 77 2 1) 42

FRH-CHE H KA T EEMW(Entry 11). MoSy/
ACKILH Fe AL TG M, #5405 1K£99.9%, Ca—
OCH,J: B4 58 4 2B (Entry  12). 4-15 3L R IA
64.8%, iRy BICRIET3.3%, FMWAEMOS,/AC EE
UL T Co~OCH,. [T, {EIXSeaf i B
PR 55 1) 375 1 5 B AT R T-Mo'S, P 43 I A T 2 5 H T 22
WETE L 2. PR S TR, BRI 3 R AL
YA TG E R R, PR E 38 AR AR A
BRSNS T3 AL A FE oG L

4 BEgHRE

PRIHLRF A 1 95 PR S R AFAE, AR Fe O AT IR
T e 5 e RVEA Jot Je 4 4y T AR T T R S AT O R B4
P, BT ARBUR A S RS, 208 IS b N R T
H/CLE SR AIAE. SR R a Ry e
REATIN USSR RE 70, FEALEE TR B 2 b BAT TR 1)

1 THEMIEARFBIE GIEMoS, A7 F A Ut 42 S gt 0

Table 1 Results of eugenol over different supported MoS, catalysts in HDO reaction [76]

OH OH OH OH
OCH; OCH, OCH; OCH;
Catalyst
3 MPaH, N
| 3h
Eugenol A1 A2 B c1 c2 D2
Entry Catalysts Conv. (%) Product yield (4) MR ? yield (%)
Al A2 B C1 C2 D1 D2

1 Blank 31.0 0 0 0 0 0 9.5 15.6 0
2 MoS, 41.1 0 0 0 0 0 21.0 20.0 0
3 SAPO-34 31.3 0 0 0 0 0 6.8 224 0
4 HZSM-5 37.5 0 0 0 0 0 17.4 19.7 0
5 Sio, 43.0 0 0 0 0 0 40.1 2.9 0
6 Al,O4 354 0 0 0 0 0 12.2 22.5 0
7 AC 49.7 0 0 0 0 0 17.5 31.1 0
8 MoS,/SAPO-34 98.2 8.4 0 0 0 0 13.1 75.0 8.4
9 MoS,/HZSM-5 94.7 34.1 0 0 0 11.7 9.2 37.3 45.8
10 MoS,/SiO, 93.9 17.9 6.0 5.9 11.8 4.4 46.7 0 46.0
11 MoS,/Al,04 99.5 28.1 14.5 5.6 13.0 4.4 32.1 0 65.6
12 MoS,/AC 99.9 64.8 8.5 7.5 14.8 4.2 0 0 99.8
13 MoOs/AC 74.6 5.1 0 0 0 0 24.8 44.0 5.1

a) MRA M H A2 72 ) (methoxy removal products).
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Abstract: The continuous demand growth of commercial aviation fuel and the global low-carbon revolution have
driven the development of sustainable aviation fuels an urgent task. Lignin, featuring rich aromatic units and high energy
density, has the potential to replace fossil feedstocks for aviation fuel production. Converting lignin into cycloalkane and
aromatic components in jet fuel through hydrodeoxygenation (HDO) can enhance the quality of sustainable aviation
fuel. Transition metal sulfides (TMS) are considered ideal catalysts for the upgrading and refining of industrial lignin
and lignin oil thanks to their excellent sulfur tolerance and HDO activity. However, challenges such as sulfur loss,
product contamination, water poisoning, and poor stability at high temperature limit their scalability and application
prospects. To address these critical issues, this paper summarizes recent advances in the catalytic conversion of lignin
into jet fuel cycloalkanes and aromatics using transition metal sulfides. Particular emphasis is focused on newest
strategies, such as metal doping, edge engineering, basal plane engineering, and carrier synergy, for regulating the
catalytic activity, selectivity, and stability of TMS in HDO of aromatic monomers, lignin model compounds and lignin
oil, thereby enhancing the catalysts’ low-temperature activity, sulfur and water resistance, and high-temperature stability.
Finally, future trend, challenges and potential solutions from lignin to sustainable aviation fuel are discussed.
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