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1. Catalysts Preparation

The copper manganese oxide obtained by Mechanochemical redox-based method was denoted
as CuMnO,-MR. In a typical process, 2.9700 g of CuCl and 0.8000 g of NaOH were added to a
stainless steel reactor (50 mL) along with 20 stainless steel balls (4xdiameter 1.0 cm; 6xdiameter 0.6
cm; 10xdiameter 0.2 cm). The reactor was placed in a high-speed ball miller (MSK-SFM-3 DESK-
TOP HIGH-SPEED VIBARTING BALL MILL) and the reactants were ball milled for 30 min at a
frequency of 50 Hz. When the first ball milling finished, 1.5800 g of KMnO, was added to the
reactor, the molar ratio of CuCl and KMnQOy is 3:1. The mixture was ball milled for another 30 min,
the resulting solids were washed in 80 mL deionized water for three times and dried in a vacuum
oven at 100°C for 12 h. The Cu,Mn;0,-MR, Cu;Mn;0O,-MR and Cu;Mn,O,-MR were fabricated
following the procedure stated above, except changing the molar ratio of CuCl and KMnOQy, into 2:1,
1:1 and 1:2 respectively.

The copper manganese oxide obtained by the Sol-Gel method was denoted as CuMnOy-SG. In a
typical process, 2.7240g of Copper acetate, 1.2250 g of Manganese acetate and 1.0000 g of citric
acid were added to 60 mL of deionized water. The mixture was stirred for 1 h at room temperature
and then dried at 80°C for 12 h to obtain a sticky solid. Finally, the resulting solid was calcined at
350°C for 2 h in air condition.

Control samples obtained by solid-phase combustion were named as CuO, and MnOy. In a
typical process, Copper acetate (Manganese acetate) was calcined at 350°C for 2 h with a heating
rate of 5°C/min. After mortar grinding the CuOy and MnOy compound with 3:1 molar rate for 10 min,

the 3CuOy * MnO4-MG was prepared. And the 3CuO, * MnO,-BM was obtained by ball milling the

CuOy and MnOy samples with the same 3:1 molar ratio in the high-speed ball miller (MSK-SFM-3



DESK-TOP HIGH-SPEED VIBARTING BALL MILL) for 30 min.
2. Catalysts Characterization

X-ray diffraction (XRD) patterns of the catalyst were obtained on a D8 Advance Diffractometer
with Cu Ka (-10~168°) radiation. Each sample was scanned at a rate of 6° min'!, over a range of 20
from 20° to 70°.

Specific surface areas and the pore size distributions of the catalysts were obtained by N,
adsorption - desorption measured at the 77K on a Micromeritics TriStar II 3020 Version 3.02
analyzer. The catalysts were degassed under vacuum at 453K for 12 hours prior to testing. The
specific surface areas were calculated from the isotherms using the BET method. The pore size
distributions were visualized from the adsorption part according to the BJH model.

The actual copper and manganese contents in the CuMnO,-MR were determined by Inductively
Coupled Plasma-Optical Emission Spectroscopy (ICP-OES).

Scanning Transmission Electron Microscopy (STEM) images of the CuMnO4-MR were
obtained on a Talos F200X system which was equipped with a Super-X energy-dispersive X-ray
analysis (EDX) device, operating at 200 kV.

X-ray Photoelectron Spectroscopy (XPS) was used to analyze the surface of CuMnO,-MR. All
spectra were collected using Al Ka radiation.

Field Emission Scanning Electron Microscope (FE-SEM) was applied to compare the surface
morphology of CuMnO-MR and CuMnO,-SG.

The Raman spectrum were measured through Senterra R200-L Dispersive Raman Microscope
with 532 nm excitation wavelength.

Temperature-programmed reduction by hydrogen (H,-TPR) was tested on a Micromeritics



Autochem II 2920 instrument equipped with a thermal conductivity detector (TCD). The catalyst
was pretreated in Ar at 300°C for 30 minutes and then cooled to room temperature. For TPR
measurements, the temperature was raised from room temperature to 600°C with the heating rate of
5°C/min in 10 % H,/Ar.
3. Catalytic Performance Test

Catalyst performance was evaluated in a fix-bed U-shaped quartz reactor at atmosphere
pressure. 30 mg catalyst mixed with 100 mg quartz sand was used for each measurement under a
flow rate of 10 mL min-!, which corresponds to a Gas Hourly Space Velocity (GHSV) of 20000 mL
h! g'l. The feed gases contain 1vol % CO, 19.9vol % O, and 79.1vol % N,. The effluent gas was
analyzed using an online gas chromatograph (GC2060), with an FID detector. The feed gas CO and
product CO; can be detected in real time.

To evaluate the catalyst's resistance to water vapor, the feed gas was firstly passed into constant
temperature water at 30°C, and then introduced into the catalyst bed.

In order to test the activity of the catalyst in the SO, environment, the feed gas was mixed with
SO, before entering the U-shaped tube.

CO conversion was calculated using the following expression:

CO conversion = ([COlJi, - [COJow) / [CO]in X 100

[CO]i, and [CO]qy represent the inlet and outlet amount of CO.
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Figure S1. The pore size distributions of CuMnO,-MR, CuMnO,-SG, CuOy and MnO.
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Figure S2. The XRD patterns of CuMnO,-MR, CuMnO,-SG, CuOy and MnO.
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Figure S3. Raman spectra of CuMnOy-SG (top) and CuMnO-MR (bottom) using the 532 nm

radiation for excitation.
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Figure. S4 Catalytic performance of the CuMnO4-MR, Cu,Mn;0,-MR, Cu;Mn;O,-MR and

Cu;Mn,04-MR catalysts during CO oxidation reaction.
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Figure. S5 O 1s XPS spectra of Cu MnO4-MR-100h reaction.
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Figure S6. The SEM images of (a) CuMnOx-MR and (b) CuMnO-MR-100h reaction.
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Figure S7. The SEM images of (a) CuMnO,-MR and (b) CuMnO,-SG.



Table S1 Comparison of CO catalytic activity over Cu-Mn catalysts.

Catalysis The temperature of CO conversion at 90% (°C)
CuMnOx-MR (Our work) 140
Cu/Ce0,-NC 155!
Cu,O 1502
CuO 2253
Cu(5-methylisophthalate) 1504
MnO, 2103
Mn;04/CNT 2000
LaAly,Mng30; 1707
Ce-Mn/Al,03-873 1808

Table S2 Comparison of CO catalytic activity over CuMnO4-MR and noble metal catalysts.

Catalysis The temperature of CO conversion at 90% (°C)
CuMnOx-MR (Our work) 140
Pd@SiO,-RM 125°
Pt-Ni(O)/Si0, 15510
Au/Al,04 150!
Au/TiO, 100'2
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