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Fig. S1. Long-term stability of MnOy at 130 °C for 24 h, 300 ppm HCHO + 2.5 vol.%
H,O + Air.
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Fig. S2. FE-SEM images of MnOy (a and b), 0.2NiO-MnOy (¢ and d), and 0.4NiO-
MnOy (e and f) catalysts.
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Fig. S3. Raman scattering spectra of (a) MnOy, (b) 0.2NiO-MnOy, and (c) 0.4NiO-
MnO,.
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Fig. S4. XPS spectra of MnO, and NiO-MnO, samples: (a) Mn 2ps,, (b) Ni 2ps, and
(c) O 1s.
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Fig. S5. Mn 3s spectra of MnOy, 0.2NiO-MnOy, and (c¢) 0.4NiO-MnOy.
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Fig. S6. In situ spectra of formaldehyde oxidation in 20% O,/Ar with rising temperature

over (a) MnOy, (b) 0.2NiO-MnOy, and (¢) 0.4NiO-MnOy, after pre-adsorption.
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Fig. S7. (a) XRD patterns of MnOy calcinated at 350 and 400 °C; (b) formaldehyde
oxidation activities of MnO,-350, MnO,-400, and 0.2NiO-MnO,-400.

Since no diffraction peaks of MnO, were observed in the XRD patterns of NiO-MnOj,
and amorphous MnOj usually shows high activity, amorphous MnO, was prepared and
its activity was tested. MnO,-350 catalyst was prepared by the similar method to MnO,-
400, the difference was the calcination temperature was 350 °C. XRD patterns in Fig.
S6(a) showed that MnO,-350 was mainly in the amorphous phase. Tso and Ty of MnOy-
350 were 112 and 127 °C, respectively, showing that formaldehyde oxidation activity
of MnO,-350 was a little higher than that of MnO-400 (Tso = 118 °C, Tyy = 134 °C),
but was far lower than that of 0.2NiO-MnOy (Tso = 80 °C, Tgg = 94 °C). Thus the
difference in MnOj crystallinity was not the key reason for the high activity of 0.2NiO-
MnO,.

S8



&
=

r —— 0.4NiO-MnOx 394°C :
| —— 0.2NiO-MnOx
—— MnOx

44, a.u.)
7
A

5
o

4.0

MS Signal (108, m/z
[—}

0.0 1 1 1 1 1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500

Temperature (°C)

Fig. S8. CO,-TPD profiles of as-prepared MnOy, 0.2NiO-MnOy, and 0.4NiO-MnOy
catalysts.

CO,-TPD characterization for MnOy, 0.2NiO-MnOy, and 0.4NiO-MnOjy catalysts was
carried out to research the surface basicity and CO, adsorption/desorption property, and
the spectra are given in Fig. S7. CO, desorption peaks located at low temperature region
(below 150 °C), medium temperature region (150-350 °C), and high temperature region
(above 350 °C) are generally attributed to CO, adsorbed at weak, medium, and strong
basic sites [1, 2]. All of the three samples showed a desorption peak with almost the
same intensity at low temperature region, showing that CO, could desorb from the
catalyst surface efficiently, that is quite important because if CO, did not desorb from
the catalyst surface timely, it would occupy the active sites and deactivate the catalyst.
The amount of CO, desorbed from medium and strong basic sites over 0.4NiO-MnOy
decreased dramatically compared to the other two samples, indicating that overmuch
NiO doped into MnO, can reduce basic sites and basic sites might be mainly provided
by Mn species. The temperature order of medium intensity basic sites was 0.2NiO-
MnOy < 0.4NiO-MnOy < MnOy, which is the same as the activity order, may suggesting
the relatedness between medium basic sites and activity, the weaker the medium basic
sites are, the more favorable it is for formaldehyde oxidation product CO, to desorb

from the catalyst surface.
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Table S1. Tsg, Too and LTCC of MnOy, NiO, and NiO-MnOj catalysts with different

Ni/(Ni + Mn) mole ratios for formaldehyde oxidation.

Catalytic activity (°C)

Sample
Tso Too LTCC
MnOy 118 134 139
0.INiO-MnOy 98 109 117
0.2NiO-MnOy 80 94 98
0.3NiO-MnOy 100 113 123
0.4N10-MnOy 107 125 133
NiO 152 180 188
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Table S2. Formaldehyde oxidation activities over Mn-based catalysts in continuous

flow test in recent years.

HCHO GHSV T .
Catalysts ) Activity Ref.
concentration (mL/g-h) °O)
pyrolusite 185
cryptomelane 400 ppm 30000 140 n=100% [3]
todorokite 165
K-OMS-2 (25 °C =64%
( ) 460 ppm 30000 100 " ° [4]
K-OMS-2 (100 °C) n=10%
birnessite MnO, 140 n=100%
cryptomelane 160 =98%
rypromex 100 ppm 50000 87 5]
ramsdellite 160 n=97%
MnOOH 160 n=96%
birnessite MnO, 100
200 ppm 120000 n=100% [6]
MnO, 120
bi ite MnO, (120 ° 100 =100%
imessite MO, (120°C) 0 30000 Lt [7]
birnessite MnOy (80 °C) 100 n=50%
MnO4-CeO, (MP) 100
580 ppm 21000 n=100% [8]
MnOx-CeO, (SG) 180
MnO,—SnO, (RP) 180
400 ppm 30000 n=100% [9]
MnO,—SnO, (CP) 220
birnessite MnO, 40 ppm 120000 110 n=100% [10]
20MnO,/SBA-15 160
100 ppm 30000 n=90% [11]
20MnO,/SBA-15 175
Graphene-MnO, 100 ppm 30000 65 n=100% [12]
MnO; hollow sphere 100 ppm 30000 113 n=100% [13]
CoMn(3/1)-CP 75
80 ppm 60000 n=100% [14]
CoMn(3/1)-CP 100
Cog65Mn; 350 100
005 50 ppm 120000 n=100% [15]
Cop.7sMn; 2,04 140
Mny 75Fes 30/AC =90%
Ho7s €330 120 ppm 1500 240 V7 [16]
Mny 15Fes 30/AC n=90%
Na,/HMO 120
140 ppm 120000 n=100% [17]
HMO 140
localized K* MnO, 110
. 200 ppm 120000 n=100% [18]
isolated K* MnO, 145
3D-MnO,(dry air) 120
) . 100 ppm 18000 n=100% [19]
MnO; nanowire (dry air) 180
MnOy 300 ppm 40000 139 n=100% Th "
is wor
0.2NiO-MnOy 300 ppm 40000 98 n=100%
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