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Fig. S1 XRD pattern of the (A) fresh, (B) initial, and (C) steady catalysts. (D) and (E) the detailed
XRD pattern of the Zr/CoW/FF and CoW/FF in the initial (2" hour) and steady (20 hour) states
respectively. (a) Zr/CoW/FF, (b) CoW/FF, (c) FF, and (d) CoWO,. The initial and steady catalysts

are the samples of the 2" and 20™ hour, respectively



Table S1 H, desorption amount of various reduced catalysts 2

Catalysts ® CoW/FF Zr/CoW/FF FF CoWO,

H; desorption amount /
50.8 52.7 59.2 343

umol- gy !

a: H, desorption amount was calculated by H,-TPD.

b: The samples were pre-treated by H, at 300 °C before the test.

Table S2 Results of W 472 XPS of various catalysts in the initial (2" hour) and steady (20% hour)

states
Surface content of W species /
B.E. of W 472 XPS / eV
State Catalysts %

W6+ W5+ W6+ W5+

Zr/CoW/FF 36.0 353 11.2 88.8

Initial CoW/FF 35.8 35.1 534 46.6

CoWOq4 35.6 34.9 93.7 6.3
Zr/CoW/FF 35.8 35.1 313 68.7
Steady CoW/FF 35.6 349 67.2 32.8

CoWOy4 354 34.7 97.4 2.6




Table S3 Results of Fe 2p>? XPS of various catalysts in the initial (2" hour) and steady (20" hour)

states

State Catalysts

B.E. of Fe 2p*2 XPS / eV

Surface content of Fe species /

%

Fe3* Fe?* Fel Fe3* Fe?* Fel

Zr/CoW/FF 712.8 710.6 708.9 40.3 51.6 8.1

Initial CoW/FF 712.3 710.4 708.7 55.9 36.9 7.2
FF 713.0 710.9 709.1 373 52.3 10.4

Zr/CoW/FF 712.3 710.4 708.7 45.5 47.3 7.2

Steady CoW/FF 712.0 710.2 708.5 62.9 314 5.7
FF 712.5 710.6 708.9 50.6 41.2 8.2

Table S4 The acid amounts of the various catalysts in the initial (2" hour) and steady (20" hour)

state 2

Initial state / (umol/g-cat) Steady state / (umol/g-cat)
Catalysts

Mid-strong Strong Mid-strong Strong
Zr/Cow/FF 11.04 23.76 15.39 30.96
CoW/FF 7.26 16.29 13.34 22.86
FF 8.70 15.53 13.59 9.84
CoWO, 1.56 32.05 17.97 13.45

a: The acidity was calculated by the data of NH;-TPD.



Table S5 B/L of the various catalysts in the initial (2° hour) and steady (20™ hour) state 2

Catalysts Initial state Steady state
Zr/Cow/FF 0.10 0.13
CoW/FF 0.12 0.17
FF 0.07 0.03
CoWOy, 0 0

a: The B/L was calculated by the data of Py-FTIR.



