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Catalytic hydroprocessing of lignin
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Abstract: Lignin derived from lignocellulose is a renewable resource for the production of chemicals and fuels.
However, due to its highly irregular polymeric structure and the carbon based inactive property, lignin valorization
is very difficult. Lignin is usually viewed as a waste by-product in the current biorefinery processes and most of
the lignin is burned to produce heat and power for the biorefinery processes. There were a series of studies on the
lignin conversion such as depolymerization over acid or base, pyrolysis, hydroprocessing and oxygenation. The
degradation of lignin over hydroprocessing was the most efficient method to produce alkane fuels and high
value-added chemicals such as phenols. However, there were some problems remained to be solved such as
catalyst deactivation and low yield. This review focuses on the catalytic systems for lignin hydroprocessing and
current challenges in order to provide a reference for efficient and large-scale application of lignin.
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Table 1 Abundance of primary lignin units in different

types of plants'®

Softwood Hardwood
0—1% 50%—75%
90%—95% 25%—50%

0.5%—3.4% —

Lignin units Grass

20%—50%
25%—50%
10%—25%

sinapyl alcohol
coniferyl alcohol

p-coumaryl alcohol
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typical linkages between primary units of lignin
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Table 2 Nickel catalytic lignin hydroprocessing
Reaction condition Lignin(model) . .
Catalyst Major products Conversion Ref.
7/C p/MPa Solvent compound
O N, N OH
Ni(COD),, SIPr-HC1 120 0.1 m-xylene Q \@ @+©/ >85% [15]
R, R, K R
O HO
heterogeneous Ni 120 0.1 m-xylene ©/ \© © +\© 72% [16]
O ~
heterogeneous Ni, BuONa 120 0.1 m-xylene ©/ \© @ 19% [16]
NN N, N\ OH
heterogeneous Ni, BuONa 120 0.1 m-xylene @/ \@ |/©+/©/ >90% [16]
R, R, Ri R,
\/() OH
Ni/SiO, 120 0.6 H,O ©/ \© ©)+©/ 6%—21% [16]
O N OH
Raney Ni 90 5 EtOH ©/ @ O +©/ 33% [17]
F
decaline or 0 0
Raney Ni %0 methylcycloh exane O/ \© O/ \O 99%—100% (7]
oo oo
Ni-TiN 150 12 EtOH © +©/ 99% [27]
Ni/AC 200 5 EG lignosulfonate monophenols 68% [19]
Ni/C 200 0.1(Ar) MeOH, EtOH, EG birch sawdust monophenols 48%—54% [20]
Ni-W,C 235 6 H,O raw woody biomass monophenols 46.5% [21]
NigsRuis 130 1 H,O organosolv lignin monophenols 42% [22]
NigsRh;is 130 1 H,O organosolv lignin monophenols 50% [22]
NigsPd;s 130 1 H,O organosolv lignin monophenols 56% [22]
Ni;Ausz 170 1 H,O organosolv lignin monophenols 14% [23]
*3 PAECIRKRZMELE
Table 3 Molybdenum catalytic lignin hydroprocessing
Reaction conditions Lignin(model) . .
Catalyst Major products Conversion Ref.
7/C p/MPa Solvent compound
MoS,/ AlL,O; 250—450 34 1-methylnaphthalene  4-propylguaiacol propylphenols, propylbenzenes 38%—99% [37]
MoS, 350 4 decalin 4-methylphenol toluene 60% [36]
MoS,/ AC 300 5 decalin guaiacol phenol 30% [35]
Mo,C 150 0.1 anisole benzene 100% [33]
Mo,N 300 5 decalin guaiacol phenol 10% [38]
Mo,N/ Al,O3 300 5 decalin guaiacol catechol 66% [10]
Mo,N/ SAB-15 300 5 decalin guaiacol phenol 44% [10]
MoN/ AC 300 5 decalin guaiacol phenol 9.6X 10 mol * (gcat) " = s [34]
MoP/ SiO, 300 0.1 guaiacol benzene, phenol 54% [39]
MoP 350 4 decalin 4-methylphenol toluene 90% [36]
MoO, 350 decalin 4-methylphenol toluene 55% [36]
MoOs 350 decalin 4-methylphenol toluene 100% [36]
MoOs 320 0.1 m-cresol toluene 48.9% [32]
MoOs 320 0.1 anisole benzene 78.7% [32]
MoOs 320 0.1 guaiacol phenol, benzene 74.2% [32]
MoOs 320 0.1 diphenyl ether phenol, benzene 82.6% [32]
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Table 4 Metal phosphide catalytic lignin hydroprocessing

Reaction condition

Catalyst Support Model compound Products Conversion(yield) Ref.
7°C p/MPa Gas

Co,P SiO, 300 0.1 80% H,,N, guaiacol benzene 70%(52) [50]

Ni,P SiO, 300 0.1 80% H,,N, guaiacol benzene 80%(60) [50]

WP SiO, 300 0.1 80% H,,N, guaiacol benzene 60% (100) [50]

Fe,P SiO, 300 0.1 80% H,,N, guaiacol phenol 64%(94) [50]

FeS, AC 250 10 H, dibenzyl ether toluene 98%(100) [51]
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Table 5 Bimetallic catalyst catalytic lignin hydroprocessing

Reaction condition

Conversion

Catalyst Support Lignin(model) compound Major products Ref.
T/°C  p/MPa  Solvent (vield)

Nis;oCurp  SiO, 320 17 guaiacol aliphatics Cs—C; + benzene 87.1%(72.7)  [73]
Niss 4 SiO, 320 17 guaiacol aliphatics Cs—C5 + benzene 97.7%(90.9)  [73]
Zn/Pd AC 150 2 MeOH  f-O-4 synthetic lignin polymer guaiacol and 4-propyl- guaiacol 90%(85) [49]
Zn/Pd AC 150 2 MeOH vanillin creosol >99%(81) [49]
Zn/Pd AC 150 2 MeOH 4-(methoxymethyl)- guaiacol creosol >99%(81) [49]
Zn/Pd AC 150 2 MeOH vanillyl creosol >99%(80) [49]
Zn/Pd AC 150 2 MeOH  f-O-4 synthetic lignin polymer  4-propyl-guaiacol; dihydroconiferyl alcohol 100%(80) [49]
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Table 6 Bifunctional catalyst catalytic lignin hydroprocessing
Reaction condition Lignin (model) Conversion
Catalyst Products Ref.
7/°C p/MPa Solvent compound (yield)
Pd/C+H3PO4 250 5 H,O cerulignol propylcyclohexane 100%(66) [74]
Pd/C+H3PO4 250 5 H,O methoxyeugenol propylcyclohexane 92%(58) [74]
Pd/C+H3PO4 250 5 H,O 4-ethylguaiacol ethylcyclohexane 100%(80) [77]
Pd/C+ H;PO, 200 2 MeOH birch sawdust monophenols 42% [87]
Rh NPs 130 4 [Bmim][NTF,] 4-ethylguaiacol ethylcyclohexane 84%(99) [78]
Rh/Ru NPs 130 4 [Bmim][NTF,] 4-ethylguaiacol ethylcyclohexane 99%(99) [78]
Pd/C +HZSM-5 200 5 H,O 4-methylguaiacol methylcyclohexane 88%(100) [79]
Ru+HZSM-5 200 5 H,O eugenol propylcyclohexane 85%(100) [88]
Ni+ Si0,-ZrO, 300 5 dodecane guaiacol cyclohexane 97%(100) [89]
Raney Ni + Nafion/ SiO, 300 4 H,O 4-ethylguaiacol ethylcyclohexane 71%(100) [80]
Ru,Rh,Pt/Al,O; + acidic zeolite 250 4—5 H,O steam explosion lignin  toluene and alkylbenzenes ~ 65%—70%(35—60)  [90]
Ni+ HZSM-5 220 0.1(Ar) MeOH-H,O kraft lignin alkyl substituted phenols 55%(97) [84]
Pt/NbOPO4 190 5 cyclohexane birch sawdust liquid hydrocarbon 28.1% [91]
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