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Table S1. Overview of a literature survey corresponding to biomass conversion over MoOx

containing catalysts

Catalyst Mult-stage or Application Highlights Ref.
Direct
conversion*

Fe-Mo/HZSM- Multi-Stage Pyrolysis and catalytic | Highest organic phase bio- | [1]

5(38) upgrading of sawdust | oil yield (20.74 wt.%) for
using pyrolytic 1wt.%Mo-1wt.%Fe
(550°C)/catalytic /HZSM-5(38) combination
reactor (500°C)in two | due to well balanced
stages. Sawdust to acidity.
catalyst ratio=3:1

NiMo-HZSM- Multi-Stage Hydropyrolysis 1% Ni 3% Mo-HZSM-5 [2]

5(Si/Al=25) (700°C) and catalytic shows best catalytic
vapor hydrotreatment | activity.
of sawdust using two- | 23.9 wt.% of bio-oil with a
stage fixed bed high (~72%) aliphatic
reactor (5 MPa H,, hydrocarbon selectivity.
350°C) Mo-drives the formation

of aromatic intermediates
pool while Ni facilitates
hydrogenation and HDO.

Mo-Cu/HZSM Multi-Stage Catalytic pyrolysis of 3% Mo 3%Cu /HZSM-5 [3]

(Si/Al=30) pine enables higher C¢-Cy,
sawdust fraction formation owing

to optimum Brgnsted
acidic sites. Also, the
presence of CuO helps
disperse MoO, over
HZSM-5. However,
reported -25% solid bio-
char.

Mo, V. Ag, Pd Multi-Stage Sawdust and waste Bio-oil produced having 4]

over SBA- tyre coprocessingina | 40 wt.% sawdust and 60

15/HZSM-5 stainless steel tube wt.% tyre over
setup (pyrolysis Ag/SBA-15 shows
followed by catalytic properties similar to
upgrading) diesel fuel.

Ni-Mo/y-Al,0, Multi-Stage Hydropyrolysis Oil phase yield of 6-8% [5]
(500°C) and vapor having high selectivity for
upgrading (300- Cg. aliphatics (solid
400°C) of poplar char~32%). Experimental
wood using and theoretical insights
microreactor/fluidized | for the carbon-carbon
bed system couping reaction occruing

during biomass
hydropyrolysis.




MoO;/TiO, and Multi-Stage Catalytic fast pyrolysis | ~27% overall C-yield (6]
Mo0,/Zr0, of Pine at 500 °C and composed of olefins and
<0.75 bar H, pressure | aromatic hydrocarbons
(char~39%). Biomass to
catalyst ratio greatly
affects the product
selectivites. Surface Mo-
species (Mo*? and Mo*®)
facilitates the observed
reactivity.
MoOx/KIT-5 Multi-Stage Catalytic fast pyrolysis | High selectivity of furans [7]
of yellow pine (500°C) | and phenols for Mo-
loading of 2.5 and 3.7
wt.% over KIT-5 due to
better dispersion of Mo-
sites which prevents
sintering
Pt/TiO,, Multi-Stage Fast pyrolysis (530°C) | 10 wt.% MoO3/TiO, shows | [8]
MoO;/TiO, of Wheat straw and similar deoxygenation
Industrial catalytic upgrading activity, carbon yield and
MoO;/Al,04 (400-450°C, 50 or 90 energy recovery to that of
(industrial) vol.% H,, 0.5wt%Pt/TiO, at 50 vol%
~atmospheric HDO) of | H,. Industrial Mo/Al,O3 on
pyrolysis vapor. the other hand shows
high gas and coke yields
(due to high acidity and
catalytic cracking) and
lower oil yield (less
hydrogenation activity).
Al,05-based. Direct Reactive catalytic fast | High deoxygenation [9]
solid acid catalyst pyrolysis (RCFP) of activity over Mo-based
(SA1), W and M- loblolly pine catalyst yields bio-crude
based reducible sawdust using rich in hydrocarbon (c4+
metal oxide fluidized bed reactor organics~43% at 80 vol%
(RMO1, RMO2), under H, at H,, and 450°C) and low
Fe-based mixed atmospheric pressure | oxygen content (~6.2
metal oxide wt.%). Char amount of
(MMO1) ~30 wt.%
MoZn/HZSM- Multi-Stage Co-pyrolysis of Aromatic hydrocarbon [10]
5(Si/Al = 30) torrefied switchgrass | yield of (39%) over
MoOQO;/HZSM-5 (230 or 270°C, 30 min) | MoZn/HZSM-5 under CH,
Mo,C/HZSM-5 under methane/He atmosphere, at 700°C.
MoAg/HZSM-5 atmosphere. Bimetallic catalysts
effective in activating
both methane and
pyrolyzed bio-oil than
monometallic Mo-
catalysts.
Bulk MoO; (Sigma | Multi-Stage Pyrolysis (500°C) and | High yield of linear [11]

Aldrich)

ex-situ catalytic

alkanes (C;-C¢) and




upgrading using
cellulose, lignin and
corn stover (300-
400°C, near
atmospheric H,
pressure, Pita =1.8
bar)

aromatics (up to ~70-90%
C of pyrolysis vapor.

The yield of char from
cellulose, lignin, and corn
stover were 10.1 C%, 55.5
C%, and 43.0 C%
respectively.

5 wt% Pt-2.5 wt% | Multi-Stage Fast-hydropyrolysis ~73% C as C,—Cg, [12]
Mo/MWCNT (~500°C) coupled with | hydrocarbon yield using
catalytic HDO (~300- cellulose feedstock (char
350°C) ~2 wt% of feed).
~54% C as C;—Cg,
hydrocarbon yield from
poplar (char ~29% C,
~18.4 wt% of feed)
Pt-acts as hydrogenation
function and Mo as
oxophillic promoter.
MoO,/C (10 Direct Reductive catalytic 26.4 wt.% of phenolic [13]
wt.%), Mo0O,/C fractionation (RCF) of | monomers via selective
Miscanthus (and hydrogenolysis of
additionally miscanthus sawdust lignin
Triarrhena, Floridulus, | interestingly with high
Sorghum stem and sugar retention as
Corncob) sawdust solid/carbohydrate pulp
using methanol and (~87%).
H, (10-40 atm), 220-
280 °C, 4 h. MoQ;/C is less reactive
than MoO,/C
NiMo-Oxide, Multi-Stage Hydrotreatment of Sulfided NiMo/Al,O4 [14]
Reduced, sulfide liquefied wood shows high HDO activity,
and Pd/C, samples (debarked better liquid yield, low
E/?({SAZIZO‘Q" Bulk sawdust of European viscosity and high GCV of
spruce and European the upgraded product.
silver fir) using
glycerol and
diethylene glycol (1:1
by mass) as solvent in
autoclave using
continuous H, feed at
300 °C and 8 MPa
NiMo/Al,Os, Direct Direct solvolysis and Highest yield of liquefied- | [15]
Pd/Al,0;, and hydro-treatment of oil, HDO products, and
Zeolite Y

oak, fir and beech
sawdust employing H-
donor solvents
(tetralin, phenol and

lowest tar (<10%) using
sulfided NiMo-Al,O4




glycerol). Sawdust to
solvent mass ratio of
1:4, 10 wt.% catalyst
(based on dry
sawdust), 2-8 MPa H,,
300-350 °C

*Direct conversion: catalyst and biomass comes in direct contact, Multi-stage: Pyrolysis vapor formation and

subsequent catalytic upgradation in steps.
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Fig.51. Nitrogen physisorption isotherms and pore size distribution for the synthesized catalysts
(varying Mo-loading over y-Al,O3).

Agglomerated

Spectrum Mo, wt.% (b)
1 55.0
2 7.8
3 58.3
4 521
5 42.5
6 51.1
7 9.6
8 17.0
9 13.9
10 16.8
11 15.5

Fig.52. SEM-EDX data showing the (a) analyzed area, (b) variation of Mo-contents (spectrum 1-11) (c)
EDX of spectrum 1 and (d) presence of agglomerated MoO; over 16 MoAl.
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Fig.S3. Deconvolution of NH3-desorption profile obtained for Alumina (Al), 4MoAl, 8MoAl, 12MoAl,
and 16MoAl.
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Fig.S4. H, TPR profile for the synthesized catalysts with varying Mo-loading on y-Al,O3 showing the

consumption of H, vs time data.



Table S2. H, consumption during H,-TPR

Catalyst H, consumption during TPR, umolg™
4MoAl 92
8MoAl 215
12MoAl 405
16MoAl 492

The overall mass balance for each experiment was found to be in the range of 40-83 wt.%

based on the dry sawdust charged into the reactor and the GC-detectable products. A low

value of mass balance is due to oligomerization products (GC undetectable), and some loss

of material in the reactor system (e.g. headspace).

Table S3. Overall mass balance for the reductive liquefaction of sawdust over reduced xMoAl

catalysts at 340-400 °C, 35 bar H, (@25°C, and 4 h in a batch reactor.

Entry | Catalyst | Temperature H, GC detectable | Oxygen | Yield of | Solid Mass
(°C) conversion bio-oil as H,0, | Gas- residue, | balance,
(%) Products, wt. % phase wt.% wt.%
wt.% products,
wt.%

1 Blank - 8.9 6.7 1.2 234 40.3
2 Al - - - 22.7 -
3 4MoAl 340 - 16.2 21.7 8.6 16.2 62.7
4 8MoAl 12.2 24.8 19.4 8,3 13.6 66.1
5 12MoAl - 24.1 22.1 - 14.1 -
6 16MoAl - 26.5 19.7 13.5 16.5 74.7
7 8MoAl 370 - - - - 10.3 -
8 8MoAl 25.8 29.2 19.7 14.6 6.5 70.1
9 8MOoAlP 400 - - - 4.9 -
10 8MOoAI¢ 31.2 394 16.3 17.4 9.7 82.8

bExperiment with sawdust particle size <100um, ‘Experiment with sawdust:catalyst mass ratio of 10:1. All other experiments were run
with the sawdust particle size of <500 um and sawdust:catalyst mass ratio of 3:1.




~ Alkoxyphenols

(Guaiacols)

Fig.S5. 2D GCxGC chromatogram of the liquid phase products evolved from the reductive liquefaction
of sawdust over 8MoAl for sawdust to catalyst ratio of 3:1 (a-c) and for 10:1 ratio (d)

Table S4a. The list of compounds in liquefied phase from reductive liquefaction of sawdust over
8MoAl identified via 2D GCxGC analysis

Retention | (min) Retention Il (sec) Compound Name
4.34 0.56 1-Butanol, 3-methyl-
4.34 1.20 1-Butanol, 3-methyl-
4.92 0.68 2(3H)-Furanone, dihydro-3,5-dimethyl-
5.00 1.16 2-Propanone, 1-methoxy-
5.17 1.60 n-Hexane
5.67 1.20 Cis-bicyclo[4.2.0]octane
6.25 0.88 Cyclobutene, 3,3-dimethyl-
6.67 0.92 2-Butanone, 3-methoxy-3-methyl-
7.00 1.08 2-Penten-1-ol, 2-methyl-, (Z)-
7.34 1.08 Cyclopentane 4,4 dimethyl
7.59 1.12 1,4-Hexadiene, 4-methyl-
7.84 1.24 Methyl cyclohexane
8.09 1.04 Furan, 2-ethyl-
8.09 1.28 Cyclopentane, ethyl-
8.42 1.08 Tetrahydropyran
8.59 1.24 Cyclopropane, trimethylmethylene-
8.84 1.28 2,3-Hexadiene, 2-methyl-
9.00 0.88 1-Butanol
9.50 1.36 (E)-2-Butenylcyclopropane
10.09 1.52 2-Hexene, 3,5-dimethyl-
10.25 1.48 3-Hexene, 2,3-dimethyl-
10.42 1.52 2-Methyl-1,5-heptadiene (c,t)
10.67 1.24 Toluene
10.75 1.56 Cyclohexene, 1 ethyl
11.09 1.36 trans-(2-Ethylcyclopentyl)methanol

11.09 1.60 1-Ethyl-5-methylcyclopentene



11.50
12.34
14.92
14.92
15.17
15.42
15.42
15.92
16.34
16.67
17.17
17.75
18.09
18.17
18.59
18.92
19.67
19.84
20.25
20.34
20.42
20.59
21.00
21.59
22.50
23.34
23.59
23.75
24.00
24.42
24.42
24.75
25.25
25.50
25.92
26.67
26.92
27.42
27.84
28.09
28.34
29.09
29.25
29.92
30.42
31.00
31.42
32.09
32.42
32.75
33.92
34.09
34.34
35.09

1.64
1.64
1.52
1.88
1.88
1.52
1.88
1.92
2.00
1.96
1.92
1.96
1.68
2.04
2.08
2.08
1.48
1.72
2.12
1.68
2.12
2.12
2.12
1.72
1.76
2.20
2.16
2.20
2.20
2.20
1.76
2.23
1.80
1.84
1.88
1.84
2.23
1.88
1.84
1.84
2.23
2.27
2.27
2.27
1.92
1.92
1.88
1.88
0.80
1.08
1.96
1.92
1.88
0.92

Hepten-2-yl tiglate, 6-methyl-5-
1-Propylcyclopentene

Benzene, 1,3-dimethyl-

3-Heptene, 2,6-dimethyl-

1,3-Hexadiene, 3-ethyl-2-methyl-
Ethylbenzene

Cyclohexane,1 methyl 4 (2 hydroxyethyl)
1,3-Hexadiene, 3-ethyl-2-methyl-
Cyclohexane, propyl-

1,3-Hexadiene, 3-ethyl-2-methyl-
Cyclopentnecarboxaldehyde, 2-methyl-3 methylene
Cyclohexene,3-propyl-

Benzene, (1-methylethyl)-
Cyclohexene,1-propyl-
Bicyclo[4.1.0]heptane, 3,7,7-trimethyl-
1,4-Hexadiene, 3-ethyl-4,5-dimethyl-
Anisole (Internal Standard)

Benzene, propyl-
cis-1,2-Cyclohexanedimethanol

Benzene, (1-methylethyl)-

Cyclooctene, 1,2-dimethyl-
di-t-Butylacetylene
7-Oxabicyclo[4.1.0]heptane, 3-oxiranyl-
Benzene, 1-ethyl-2-methyl-

Benzene, (1-methylethyl)-
7-Propylidene-bicyclo[4.1.0]heptane
Cyclohexane, 1-butenylidene-
Neodihydrocarveol

Cyclohexene, 4-methyl-1-(1-methylethyl)-
3-Methyl-trans-3a,4,7,7a-tetrahydroindane
Benzene, 1-ethyl-3-methyl-
Bicyclo[3.1.1]heptane, 6,6-dimethyl-3-methylene-
Benzaldehyde, 4-(1-phenyl-2-propenyloxy)-
Benzene, 1-methyl-3-propyl-

Benzene, 1,2-diethyl-

Benzene, 1-methyl-4-propyl-
3,6-Octadien-1-ol, 3,7-dimethyl-, (Z)-
Benzene, 2-ethyl-1,4-dimethyl-
1-Phenyl-1-butene

Benzene, 1-ethenyl-4-ethyl-
3-Heptadecen-5-yne, (Z)-

Isocyclocitral

Cyclopentanol, 3-methyl-2-(2-pentenyl)-
1H-Indene, 1-ethylideneoctahydro-, trans-
Benzene, 1-methyl-4-(1-methylpropyl)-
Benzene, 1-methyl-4-(1-methylpropyl)-
Benzene, 1-methyl-2-(2-propenyl)-
Benzene, 2-ethenyl-1,4-dimethyl-

Phenol

Phenol

Naphthalene, 1,2,3,4-tetrahydro-1-methyl-
1H-Indene, 2,3-dihydro-4,6-dimethyl-
Naphthalene, 1,2,3,4-tetrahydro-1-methyl-
Phenol, 2-methyl-



35.84
36.42
36.42
37.25
38.75
39.67
39.67
40.67
41.50
41.84
42.00
42.25
42.50
43.00
43.34
43.42
44.09
44.34
44.50
44.75
45.00
45.50
45.84
45.84
46.09
46.42
46.84
47.00
47.42
47.50
47.59
47.92
47.92
48.42
49.25
50.00
50.17
50.92
53.00
53.50

54.34

55.67
58.09
58.25

58.42

58.42
58.84
59.17
59.25

59.84

1.12
1.92
1.64
0.84
1.92
1.20
1.96
1.24
1.04
1.96
0.92
1.28
1.72
1.32
1.72
1.08
1.28
1.12
1.32
1.00
1.28
1.12
1.12
1.32
1.04
1.00
1.72
1.40
1.16
1.80
1.16
1.36
1.12
1.16
1.08
1.16
1.08
1.04
1.08
1.16

1.12

1.24
2.00
1.20

2.04

1.24
1.28
1.44
1.68

2.04

Phenol, 3,4-dimethyl-, acetate

Naphthalene, 1,2,3,4-tetrahydro-1-methyl-

Azulene

p-Cresol

Naphthalene, 1,2,3,4-tetrahydro-6-methyl-

Phenol, 3-(1-methylethyl)-

Naphthalene, 5-ethyl-1,2,3,4-tetrahydro-

Phenol, 3-ethyl-5-methyl-

Phenol, 2-ethyl-

Naphthalene, 6-ethyl-1,2,3,4-tetrahydro-

Phenol, 4-ethyl-

Phenol, 2-ethyl-4-methyl-

Naphthalene, 2-methyl-

Phenol, 3,5-diethyl-

1H-Indene, 1-ethylidene-

Phenol, 2-ethyl-4-methyl-

Phenol, 3,5-diethyl-

Phenol, 2-ethyl-4-methyl-

Thymol

Phenol, 3-(1-methylethyl)-

Phenol, 2-ethyl-4,5-dimethyl-

Phenol, 3-(1-methylethyl)-

Phenol, 2,4,6-trimethyl-

Thymol

Phenol, 3-(1-methylethyl)-

Phenol, 2-propyl-

Biphenyl

2-Ethyl-5-n-propylphenol

2,5-Diethylphenol

Naphthalene, 2-ethyl-

Phenol, 3,4,5-trimethyl-

2-Ethyl-5-n-propylphenol

Phenol, 3,5-diethyl-

Phenol, 4-(1-methylpropyl)-

Thymol

Phenol, 3,5-diethyl-

Phenol, 3-methyl-6-propyl-

Benzene, 1,3-dimethyl-5-(1-methylethyl)-

Phenol, p-(2-methylallyl)-

1-Butyn-3-one, 1-(6,6-dimethyl-1,2-epoxycyclohexyl)-
1(2H)-Naphthalenone, 3,4,4a,7,8,8a-hexahydro-2-hydroxy-8,8-dimethyl-,
(20,4aR,8aR)-
6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one
Bicyclo[4.4.0]dec-2-ene-4-ol, 2-methyl-9-(prop-1-en-3-ol-2-yl)-
Phenol, 4-cyclopentyl-
7-Hydroxy-6,9a-dimethyl-3-methylene-decahydro-azuleno[4,5-b]furan-
2,9-dione

Phenol, 2-(2-penten-4-yl)-4-methyl-

Benzofuran, 2,3-dihydro-2,2,4,6-tetramethyl-

Phenol, 2-(2-penten-4-yl)-4-methyl-

1,1'-Biphenyl, 2-methyl-

1,3,5-Cycloheptatriene, 2,5-bis(tetrahydropyranyloxymethyl)-7,7-
dimethyl-



59.92

60.09
60.42
60.67
60.92
62.25
62.42
62.50
62.50
63.09
63.84
64.25
64.42
64.50
64.50
64.84
65.09
65.25
65.42
65.42
65.50

66.09

66.17
66.50
66.50

66.59
66.92

67.17

67.34
67.92
67.92
69.17

69.42

69.75

69.75
73.09
74.25

1.32

1.44
1.12
1.92
1.32
1.52
2.00
1.36
1.44
1.36
1.40
1.80
1.80
2.08
1.40
1.52
2.08
1.84
1.40
1.80
1.60

1.40

1.60
1.44
1.64

2.23
1.44

1.44

2.04
1.48
1.72
1.64

1.48

2.20

1.68
2.27
231

(1R,3aS,5aS,8aR)-1,3a,4,5a-Tetramethyl-1,2,3,3a,5a,6,7,8-
octahydrocyclopenta[c]pentalene

Benzene, 1,2,4,5-tetraethyl-

Phenol, 4-cyclopentyl-

s-Indacene, 1,2,3,5,6,7-hexahydro-4,8-dimethyl-
2-(3-Isopropyl-4-methyl-pent-3-en-1-ynyl)-2-methyl-cyclobutanone
1-(2-Methoxymethyl-3,5,6-trimethylphenyl)ethanol
5,8,11-Heptadecatriynoic acid, methyl ester

Benzene, ethylpentamethyl-

Phenol, 2-(2-penten-4-yl)-4-methyl-

Benzene, 1-ethyl-3,5-diisopropyl-

Benzene, 1,2,4,5-tetraethyl-

5,8,11,14-Eicosatetraynoic acid
1,7-Dimethyl-3-phenyltricyclo[4.1.0.0(2,7)]hept-3-ene

Cyclopropane, 1-ethoxy-2,2-dimethyl-3-(2-phenylethenylidene)-
Phenol, 2-(1,1-dimethyl-2-propenyl)-3,6-dimethyl-

Benzene, 1,2,4,5-tetraethyl-

1,8,15,22-Tricosatetrayne
1,7-Dimethyl-3-phenyltricyclo[4.1.0.0(2,7)]hept-3-ene

Benzene, 1-ethyl-3,5-diisopropyl-

Phenanthrene, 1,2,3,4-tetrahydro-

6-Selinene

2H-2,4a-Methanonaphthalene, 1,3,4,5,6,7-hexahydro-1,1,5,5-
tetramethyl-, (2S)-

1,3a-Ethano-3aH-indene, 1,2,3,6,7,7a-hexahydro-2,2,4,7a-tetramethyl-,
[1R-(1a,3aq,7aa)l-

Benzene, 1-ethyl-3,5-diisopropyl-

3H-3a,7-Methanoazulene, 2,4,5,6,7,8-hexahydro-1,4,9,9-tetramethyl-,
[3aR-(3aa,4RB,7a)]-

3a,17R-dihydroxyestr-4-ene
1R,4R,7R,11R-1,3,4,7-Tetramethyltricyclo[5.3.1.0(4,11)]Jundec-2-ene
Naphthalene, 1,2,4a,5,8,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-,
(1a,4aR,8aa)-(+)-

Cycloisolongifolene, 8,9-dehydro-9-vinyl-

Benzene, 1-ethyl-3,5-diisopropyl-
2,2,7,7-Tetramethyltricyclo[6.2.1.0(1,6)Jundec-4-en-3-one
2,3-2H-Benzofuran-2-one, 3,3,4,6-tetramethyl-
3H-3a,7-Methanoazulene, 2,4,5,6,7,8-hexahydro-1,4,9,9-tetramethyl-,
[3aR-(3aa,4R,7a)]-

Cyclopropal3,4]cyclohepta[1,2-a]naphthalene, 1,1a,1b,2,3,7b,8,9,10,10a-
decahydro-5-methoxy-10-methylene-

3,4-2H-Coumarin, 4,4,5,6,8-pentamethyl-

Retinol, acetate
7-lsopropyl-1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene

Table S4b. C;-C; hydrocarbon compounds in liquefied phase identified via 1D GC analysis.

Retention Time

3.466
3.566
3.818
4.234
4.431

Identified compound
Propane

Butane

Pentane
Cyclopentane
n-hexane



Table S4c. Product selectivity’s for reductive liquefaction (340°C over MoO,-Al,O; variants) based on
the components identified GCMS.

Blank 4MoAl 8MoAl 12MoAl 16MoAl
Cycloalkanes+Alkylbenzenes 1.0 38.7 37.7 37.7 38.87
Alkanes 0.0 13.6 15.8 18.1 19.8
Alkylphenols 13.7 11.7 10.3 8.4 6.8
Alcohols 16.6 19.7 15.3 14.7 11.1
Aldehydye/Ketones/Furans 53.8 5.52 12.5 10.0 10.4
Napthalenes/Indans/Biphenyls/Polyaromatics 0.3 2.2 1.6 2.1 2.2
Other oxygenates 14.6 8.5 6.8 9.0 10.9
Total deoxygenated products 13 54.5 55.0 57.9 60.9
Table S5. Observed vibrations from FTIR analysis
Wavenumber . . Reference
) Vibration
(cm™)
~3336 Hydroxyl group (O-H) stretching vibration (Stretching) in [16]
cellulose/lignin
~2900 C-H Stretching vibration in methyl, -CH,- and methoxyl group, Vcai.u
Hemicellulose-lignin  complex via uronic ester group in [16, 17]
~1733, 1738 hemicellulose. C=0 stretch vibration in hemicelluloses
ar1130104;19 1510, Aromatic ring vibration (phenylpropane, C9 skeleton),vear=car [18-20]
1456 C-H deformation (bending) vibration (6¢,.4) in methyl, methylene, [17, 21]
and methoxyl groups
Vibration of &gcus and  6cy CH  deformation in | [16,17, 21]
1365 . ’
cellulose/hemicellulose
1261, C-O stretching (or alkoxy C-O stretching) vibration of cellulose, | [17, 19, 21]
1229,1029 hemicellulose or lignin.
1160 C-H stretching vibration [17]
1054 Characteristic C—O-C vibration of pyranose ring [22]
1032 C,—H in-plane deformation of guaiacyl unit [23]
~897 Represent the cellulosic beta-glycosidic linkage [22]
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Fig.S6. Effect of temperature on the solid residue formation with 8MoAl catalyst.

Based on the reactivity and catalyst characterization, the catalyst 8MoAl was found optimal.
Therefore, a variant of noble and transition metal has been impregnated using 8MoAl as the
base catalyst. Table S4 shows their compositions measured by ICP-SFMS and the solid
residue obtained after the reductive liquefaction process in the reactor. Based on solid
residue content, no promotional activities were obtained for both noble/transition metal
impregnation to 8MoAl.

Table S6. Metal contents of the XMo-yAl,O; synthesized catalysts and the solid residue obtained
after the reductive liquefaction at 340°C, 35 bar@25°C, 1000 rpm, 4 h, 3:1 ratio

Catalyst Elemental composition (wt. %) Solid residue, wt. %
X* (wt.%) Mo (wt. %) Molar ratio X/(X+Mo)
Mo/Al,O4 - 8.0 - 13.6
PdMo/Al,05 0.5 8.6 0.05 14.3
PtMo/Al,0; 1.1 8.4 0.06 15.6
ReMo/Al,0; 0.7 8.0 0.04 16.2
RuMo/Al,0; 0.5* 8.7 0.05 16.9
NiMo/Al,O; 1.8 7.8 0.27 21.7
CoMo/Al,03 1.9 8.1 0.28 14.7

*X=Pd, Pt, Re, Ni; Co and Mo content were measured by ICP-SFMS. Ru content is shown as-synthesized.
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