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Figure S1. N, adsorption—desorption isotherms and pore size distributions of Cu/FeO(280)
and CuZn/FeO,(280) catalysts by sol-gel and CuZn/FeO,(DP) by deposition-precipitation.
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Figure S2. H,-TPR profiles of precursors after calcined at 500 °C without further thermal
reduction: sol-gel derived Cu/FeOy-sol and CuZn/FeO-sol precursors; DP derived
Cu/FeO4-DP precursor.
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Figure S3. Catalytic performance of CuZn/FeO(280) for the CTH process of FUR as a
function of reaction temperature. Reaction conditions: molar ratio of furfural/isopropanol =
0.02, 200 mg of catalyst, 4 h, 0.1 MPa N,. FUR: furfural, 2-MF: 2-methylfuran, FAL:
furfuryl alcohol. Other products including condensation and coupling products with minor

amount of y-valerolactone.
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Figure S4. HAADF-STEM elemental mappings of CuZn/FeO(250).




Figure S5. TEM images of CuZn/FeO(280) catalyst.
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Figure S6. TEM images and HAADF-STEM elemental mappings of CuZn/FeO,(350).



Figure S7. TEM images and HAADF-STEM elemental mappings of CuZn/FeO(DP)

synthesized by deposition-precipitation.
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Figure S8. XPS spectra of Cu 2p core level of the Cu/FeOy and CuZn/FeOy catalysts.
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Figure S9. XPS spectra of Zn 2p core level of (a) Cu/FeO4 and CuZn/FeOy by sol-gel
methods, and (b) CuZn/FeOy catalysts by conventional methods pre-reduced at 280 °C.
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Figure S10. XPS spectra of Cu 2p core level of the CuZn/FeOy catalysts by different

methods.
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Figure S11. Cu LMM XPS spectra of the CuZn/FeOy catalysts by different methods.

574 57

14



CuZn/Fe0x(280)

Intensity (a.u.)

CuZn/FeOx(CP)

1 1 1 1 1
730 725 720 715 710 705
Binding energy (eV)

Figure S12. XPS spectra of Fe 2p core level of the CuZn/FeOy catalysts by different

methods.
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Figure S13. The reaction rates by different catalysts changed with the (a) surface percentage
of Cu®, (b) percentage of Cu’, and (c) percentage of Cu?*. There was no clear tendency
between the reaction rates and the percentages of surface copper species. The Cu/M,, Was

standardized by the atomic ratio of copper species in the total metal elements (Cu+Fe+Zn).
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Figure S14. The CTH reaction mechanism of FUR using CuZn/FeOy catalysts. The origin

ball, purple ball, and red ball suggested the Cu, Zn and O atoms.
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Figure S15. FUR conversion and product distribution during cycle reaction by
CuZn/FeO,(280). Reaction condition: molar ratio of furfural/isopropanol = 0.02, 100 mg of

catalyst, 180 °C for 4 h, 0.1 MPa N,. FUR: furfural, FAL: furfuryl alcohol.
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Figure S16. TEM images and the HAADF-STEM elemental mappings of CuZn/FeO(280)

after reaction.
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Table S1. Structure and surface information of Cu catalysts according to XRD and XPS

data.
Pre-reduction Surface composition (%)
Sample Method dewain?
T (°C) Cu’ (Cu™+Cu")/Cu*" Cu'/Cu®
Cu/FeO(280) 280 184 372 3.51 1.05
CuZn/FeO4(200) 200 8.3 36.3 2.46 0.95
CuZn/FeO,(250) 250 9.6 42.4 3.45 0.76
CuZn/FeO,(280) Sol-gel 280 11.6 459 4.63 0.79
CuZn/FeO4(300) 300 15.7 454 4.35 0.79
CuZn/FeO4(350) 350 26.6 439 6.65 0.71
CuZn/FeO4(CP) Co-precipitation 183 248 0.63 0.56
CuZn/FeO(DP) ~ Deposition- 280 217 487 4.84 0.70
precipitation
CuZn/FeO,(IM)  Impregnation 19.8 444 3.19 0.72

2 Average sizes of Cu particles estimated by Scherrer equation based on the peak width at half height
of Cu (111) diffraction peaks.
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Table S2. Surface acid sites in terms of the NH; desorption amount based on the NH3;-TPD

profiles.
NH; desorption (NH; mmol/g)

Sample

Weak Medium Strong Total
Cu/FeO,(280) 0.017 0.008 0.005 0.030
CuZn/FeO4(250) 0.019 0.010 0.030 0.059
CuZn/FeO4(280) 0.014 0.011 0.011 0.036
CuZn/FeO4(300) 0.013 0.012 0.004 0.029

CuZn/FeO4(350) 0.013 0.009 0.005 0.027
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Table S3. Comparison of specific rates in the current work and the reported literature.

Specific rate

Catalyst T (°C) 2-MF yield Hmoly _yp/9u/s  Ref.
)

CuZn/Fe0,(280) 190 66.8 6.2 This work
CuZn/Fe0,(280) 210 92.0 8.6 This work
Cu/FeO,-C5H 220 80.5 2.2 []
NiCuAl 200 41.1 1.5 2]
10Cu3Pd/Zr0, 220 61.9 0.4 [3]

Cus sZn—Al-600 180 72.0 2.1 [4]
5Cu3Re/Al,O; 220 94.0 3.4 [5]
10%Ni-10%Cu 210 73.6 4.6 [6]
Cu/SiO,-HT 220 90.0 12.8 [7]

Ru/C 180 61.0 0.3 [8]
Ruy/NiFe,0, 200 79.0 0.8 [9]

aInitial N, pressure was kept at 2.1 MPa.
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