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Table S1 Composition (mol%) of synthesized Ti,O3 estimated by XRF.
Ti Si Nb Cl Zr Total
99.66 0.16 0.14 0.03 0.01 100.00

Composition of the synthesized TioO3 was estimated X-ray fluorescence spectrometry using a Rigaku
ZSX Primus I+ spectrometer. Si impurity derived from quartz wool that was used in the synthesis

of Ti203. The other impurities derived from rutile TiO; that was the raw material for Ti2Os.
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Table S2 Detailed results for hydrodeoxygenation of anisole over MoO./ZrO; at 250 — 350 °C.
250 °C 300 °C 350 °C

Anisole conversion (%) 53 15.6 61.3
Products yield (%)

Benzene 0.0 4.3 23.2
Cyclohexane 0.0 0.0 0.0
Methoxycyclohexane 0.0 0.0 0.0
Phenol 0.0 2.2 5.9
Cresol 0.0 1.0 3.0
Toluene 0.0 1.4 11.0
Methylanisole 0.0 0.7 1.2
Dimethylanisole 0.0 0.0 0.6

Pretreatment conditions: Ha flow (30 mL min™!) at 250 — 350 °C for 1 h. Reaction conditions: Catalyst,
0.20 g; Anisole, 0.020 mmol min™'; Total flow rate (H, balance), 48 mL min™!'; Temperature, 250 —

350 °C; Time on stream, 1 h.
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Table S3 Summary of reported results for vapor-phase hydrodeoxygenation of anisole to benzene.

Anisole Benzene
Catalysts femp. Pow 105 Conv. Selec. STY™ Ref.
(°C) (MPa) (h) %) %) (mmol/g-h)
10 wt% CoOx/T1,0; 250 0.10 1 69 79 32 This
work
MoC 150 0.10  0.28 7 82 3.6 x 107 [1]
W,C 150 0.13  0.28 4 98 1.0 x 102 [1]
NiMo/AlLOs ° 250 1.50  n.d. 20 0 0 [2]
10 wt% Ni/ALLO3 270 0.50 24 69 60 1.1 x 10? [3]
3% Pt/UiO-66-def 270 1.00 3 86 52 1.2 x 102 (4]
12 wt% CoNb/SBA-15¢ 275 1.50 1 16 21 2 x 10! [5]
20 wt% Ni/CeO, 290 0.30 1 88 55 3.6 [6]
20 wt% Ni/TiO2 290 0.30 1 51 74 2.8 [6]
20 wt% Ni/C 290 0.30 1 95 51 3.7 [6]
20 wt% Ni/SBA-15 290 0.30 1 99 82 6.1 [6]
20 wt% Ni/ALLOs3 290 0.30 1 99 27 2.0 [6]
5 wt% Co/SBA-15 300 0.10 1 61 70 1.7 [7]
NisoIn/SiO, ¢ 300 0.10  n.d. 91 (60) ¢ 2.0 (8]
10 wt% MoO3/ZrO» 320 0.10 4 50 20 7.3 x 10" 9]
1 wt% Pt/SiO, 375 0.10  0.25 15 7 3.0 x 107 [10]
9 wt% Ru/SiOs 375 0.10  0.25 5 16 1.0 x 102 [10]
5 wt% Fe/SiOs 375 0.10 0.25 8 85 1.0 [10]
1% Pt/Si0O; 400 0.10 0.5 100 69 1.6 [11]
15 wt% Ni-Mo/SiO» 410 0.10 1 99 66 9.1 [12]
Mo-Ni(OH), 450 0.10 1 30 69 3.0 [13]

@ Space-time yield of benzene; ® 5 wt% Ni and 15 wt%; © 7.3 wt% Co and 4.7 wt% Nb; ¢ 40 wt% Ni and Ni/In
= 40; © Selectivity for BTX.
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Figure S1 TG profile of synthesized Ti>Os.

TG profile was measured on synthesized Ti2O3 in air flow. After the temperature reached 1000 °C,
Ti2,03 was completely oxidized to TiO>. Based on weight gain due to the oxygen storage during this
oxidation, the average valence of titanium for the original Ti2O3 was found to be 2.98, which was

almost the same as the theoretical value of Ti2O3 (3.0).
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Figure S2 Wide-scan X-ray photoelectron spectrum of synthesized Ti2Os.
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Figure S3 (a) Ti 2p and (b) O 1s X-ray photoelectron spectra of CoO,/Ti2O3 samples.
Co0,/T1203_Recuded and CoO./Ti203_Spent were CoO,/T1203 after treatment with H» at 250 °C and

after used in the HDO reaction shown in Figure 9, respectively.
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50 nm

Figure S4 TEM images of (a) CoO,/Ti203_Reduced, (b) CoO./TiO2_Reduced, (c) CoO,/Ti2O3_Spent,
and (d) CoO,/TiO2_Spent.
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Figure S5 (a) Full and (b) Magnified chromatogram charts for HDO of anisole using CoO,/T1,03,
Co0,/Ti02, and CoO,/AC shown in Figure 6.
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Figure S6 Influence of reaction temperature on HDO reaction of anisole over CoO,/Ti2Os.
Pretreatment conditions: Ha flow (30 mL min') at 300 °C for 1 h. Reaction conditions: CoO,/Ti,0s3,
0.20 g; Anisole, 0.020 mmol min’'; Total flow rate (Hz balance), 48 mL min'; Temperature, 250 —

300 °C; Time on stream, 1 h.
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Figure S7 Variation curve for diffraction intensity of Co (26 = 44.3°), CoO (20 = 42.5°), C0304 (26
= 31.3°), TioO3 (260 = 23.9°), and TiO; (20 = 27.5°) for (a) CoO,/Ti203 and (b) CoO./TiO, after
treatment with H» at 250 — 450 °C.
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Figure S8 Relationship between catalytic activity and average valence of cobalt for CoO,/Ti2O3
(filled symbol) and CoO,/TiO; (blank symbol) catalysts pretreated at 250 and 350 °C with H; or No.
Pretreatment conditions: N2 or Ha flow (30 mL min™") at 250 — 450 °C for 1 h. Reaction conditions:
Co00,/Ti203 or Co0O,/TiO2, 0.20 g; Anisole, 0.20 mmol min™!; Total flow rate (Hz balance), 48 mL
min-1"'; Temperature, 250 °C; TOS, 1 h.
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Figure S9 Hydrogen pressure dependance of reaction rate for HDO of anisole over CoO./Ti20O3 and
CoO,/TiOs.

Pretreatment conditions: H, flow (30 mL min™') at 250 °C for 1 h. Reaction conditions: CoO,/Ti203,
0.20 g or CoO,/TiO2, 0.40 g; Anisole, 0.020 mmol min’'; Total flow rate (N2 balance), 48 mL min’';
P2, 0.50, 0.65, 0.80, and 0.99 bar; Temperature, 250 °C; Time on stream, 1 h.

To calculate formation rates of deoxygenated products (r), HDO reaction of anisole was conducted
under different hydrogen pressures, and yield of the deoxygenated products was measured and
calculate the formation rate ». Then, the relationship between the hydrogen partial pressure (Pu2) and
the formation rate » was estimated according to the following equation, and the order of the hydrogen

partial pressure was estimated.

r = k(Panisole)a(PHz)b
= logr = blog Py, + alog Pypisore + logk
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Figure S10 Influence of synthesis temperature on (a) structure and (b) catalytic performance of 5

wt% Co00,/T1,03 for HDO of anisole.
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Figure S11 Influence of cobalt loading on (a) structure and (b) catalytic performance of CoO,/Ti»03

for HDO of anisole.
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Figure S12 XRD patterns of CoO,/Ti203 samples. CoO,/Ti203_Recuded and CoO,/Ti2O3_Spent were

Co0O,/Ti203 after treatment with H> at 250 °C and after used in the reaction shown in Figure 10,

respectively.
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Figure S13 TG profiles of CoO,/Ti203 and CoO,/TiOz catalysts reduced with H> and used in the HDO

reactions shown in Figure 10.
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Figure S14 Regeneration of CoO,/Ti203 (filled symbol) and CoO,/TiO> (blank symbol) by treatment
with Hz in the middle of HDO of anisole.

Pretreatment and regeneration conditions: H> flow (30 mL min') at 250 °C for 1 h.

Reaction conditions: CoOx/Ti,03 or CoO./TiO2, 0.20 g; Anisole, 0.020 mmol min™'; Total flow rate
(Hz balance), 48 mL min!; Temperature, 250 °C.
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