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MnSO,, CoSO,, Na,CO,, 43#r4li, 7 i 2 7e ki
A A AR, 2508 K F .
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16 mA, 12.5 kV, TAER ST 1x10° Pa. fii FIF
£ (Multipak 6.0A) 7341 XPS fiZkry#l 5.

1.3.5 [E{AREHAT UL S5 (UV-Vis DRS)

B EN FIIY UV-2600 55083 606 1, BaSO,
VE R R .

1.4 fELIERETNR

A5 A HE R S 6 A A U N 28 (P LA TR
HHELT, THE R 50 °C, AHX IR 80%, #F 100 mg
R 053 2R S B B8 LR 358, 45 20 wl B9 37% 4
IR E MBI A /NI, 2685 RN 48, SR FHATAMT IR
SR S R R SR 40 %, TA1BE 10 min A 5
FHMIBOR A A, A B S B B R
TRV, 75 40 °C R in#ii @, bR
R A0,

2 HRiti

LRI XRD 25 R4 1 7R, Cos0, HIAT S
I PRAE 31.3°, 36.9°, 38.6°, 44.9°, 55.7°, 59.5°F0
65.3°, Z3HIXF I Cos0, 1Y (220). (311). (222). (400),
(422). (511) Fl (440) f 10 (JCPDS No. 76-1802). 5
ASFERARRE S XRD £k 546 Co,0, I, A
WL E] Mn-O FL AT e ity B, SR, B%E Mn %
SERIHENN, 457 T 36.9° AT S UM R 1) B A AT 5 F
50, M 36.9°BE R/ NE 36.5°, X MR b T (8]
B, X AT AEJE AR TP Y Co IR F 85 48 K ) Mn
SRR AT .

A Co,;Mn, ;0, W

_ “"“"‘""""":"“A - Co,,Mn,;0, C01.7N:/ln1.304
3 contmo,| | <M,
£ A CoyMn, 0,[ | €O MmO
fz " ., Co,;Mn,;0, C02'7l\£/ln0'3 4
M{ Co0,| |  ACHO

| 0,0, JCPDS No. 76-1802 | €00,

10 20 30 40 50 60 70 80 90 34 36 38 40
20/°) 20/°)

& 1 Co, Mn,0, i XRD [l
Fig.1 XRD pattern of Co;_,Mn,O,
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SRR EER, Co,0, Fll Co,MnO, 44K F i JE B 43
%2k 50 F11 5 nm, Co,MnO, 44K F J& & 3t it /)N F
C0;0,, X A BESZ A Mn BIAJS I T 442K A it
— AR, AR T A 2 R TR AL O B
Fb 2 im AR, $2 T L P E . Co,MnO, Y TEM K14
WoR, AT 4K R AR, X 5 SEM 452 —
(# 2(c)). E 2(d) o, AT R B4 0.24 1 0.46 nm
B SRS 2 5003 X IR Co,MnO, B (311) FT (111)
Ifil, ;X5 XRD 4550 —%L.

XPS i 4 % 4 8 3(a) BT 75, 7E Co,0, I
Co,MnO, £ i FP T LLER 2] Co Fil O fI{5 51,
M7E Co,MnO, W 223 Mn {5 5 %, 7£ Co,MnO, k£
a1, Co 2p 1 O 1s &S &g S Cos0, HHLEL, 435
RS S RET A3 T 0.8 Fl 1.2 eV, X1 Co
H1 O JELFJH Bl () FL %85 B E Min 3824 )5 A T4 .
Co 2p ik an &l 3(b) FiR, 1€ 779.5 Fil 781.3 eV Ay
5L RSN WA JE T Co” Fl Co” R IE 6. 7 Cos0,

S.nm
.. m—

% 2 SEM &% (a) Co,0,; (b) Co,MnO,; (c, d) Co,MnO, 1
TEM K%
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Fig.3 (a) XPS survey spectra, (b) Co 2p, (¢) Mn 2p of Co,MnO,, (d) O 1s spectra of Co;0, and Co,MnO,
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Co,MnO, 1 Co” & T W &, X B Ik % 78 Co,MnO,
H T LR A B T AR A 5 B LA AR R AR 5 A E
PE, Bl Co,MnO, HAT B 2 (14625 {3 Mn 2p JEi 4N
& 3(c) fit7in, 76 641.9 il 643.1 eV AL L& eI R
T Mn" il Mn"FHE 16 . Co,MnO, & 47 34.8% [
Mn” R, Wi s R Mn” RERSAR LR E 1YV,
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T4 2SR AL M R 8 i
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W B AR (O B 5. 5 Oy WIFIAH L, O, P F
LA O o i st R s i, (o A A A A S
RIS A AL PR, MO SR T TR
AT AL TR . O,q PR B AH XV B LL AN 5] 3(d)
ZE 1 PR, Co,MnO, H1 O,q I ET 5 1 23 b R
42.2%, EW R ET Cos0, (15.1%), %1545 T2 I
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2e 1
— +-0,—>
2
2Mn** +2Mn** + Vg + %02 (1)
AR BET He & m AL an & 4 fn3e 1 Fiow,
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R 91.0m™g ' B & & T Cos0,, &K K Mn 5l
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Table 1 Surface composition (atomic ratio) and BET results of

Co0;0, and Co,MnO,
Catalyst  Sy/(m™g ') Co®/Co’” Mn"/Mn®"  Ou/Oun
Co;0, 63.8 64.2/35.8 - 15.1/84.9
Co,MnO, 91.0 72.5/27.5 65.2/34.8 42.2/57.8

—=—Co,0,

—e— Co,MnO,
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TR (!

1 1 1 1
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Kl 4 Co;0, Fl1 Co,MnO, Y LRI AR
Fig.4 Specific surface area of Co;0, and Co,MnO,
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R E . WE—Bsh 1 E 5(b) R,
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REHUE Co,0, 19 3.1 A5, AL A IEFIRRE M
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TP A B AN AR [ 06 R M. ) e A
(TOF, s ) LA T it (2) HE 5.

TOF = nycpo/(t X ney) (2)
K nyeno 72 ¥ AL 1) HCHO (1) 1 (mol), ng, & M
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(GRS MRER L), ). % 2 BiHE e
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Fig.5 (a) Formaldehyde catalytic oxidation performance of Co;0, and Co;_ Mn,O,; (b) Quasi first-order dynamic curve; (c) The

cyclic stability of formaldehyde catalytic oxidation of Co,MnQ,; (d) The effect of relative humidity on the catalytic

performance of Co,MnO, for formaldehyde oxidation

R 2 M ERER HCHO B4 SLZET

Table 2 Comparison of HCHO catalytic oxidation efficiency reported in various literature

Catalyst ¢(HCHO)/(mg'm °) 7/°C n(HCHO)/% TOF/s™' Ref.
Co,MnO, 25 50 71 2.9x10” This work
Pd/TiO,-300R 175 125 85 1.8x10° [25]
19%PYTiO, 45 25 47 2.7x10” [26]
3.4%K-1%Pd/TiO, 687.5 25 60 4.1x10° [27]
K-Ag/Co,0, 125 60 55 22310 [28]

Co,MnO, AL 7 5 38 1Y 5% 4 )& A 24 1Y
TOF {H, 7 B L HAT 5 i 1 [ A T

R TR B3 SR R SRR THR R TR (Ho-
TPR) M2, 4n & 6(a) 7. Cos0, Fll Co,MnO, AR
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T Co™"-Co> Fl Mn*"'-Mn’™", E IR IX (~450 °C) BT 4
WEIEIJE T Co”'-Co”. 5 Co,0, L, Co,MnO, [#)
P S #6008 1) I TR [l A% 2, 3 3 B AR A5

RIAFAEF B NL, Vo 1T AR AL 1434 5
P, 5 Co™ /Co™ il Mn""/Mn® A J5, 815 A
W EhPE. Co™/Co™ . Mn""/Mn* F1 O/V, AL A JFL (1)
PR st 1 R R S Al A R

ROS T P4 Rl 2 7 K HAT B 8 0 R SRR
J¥ FHEBLR (O,-TPD) M52, W1 6(b) TR, 76K
200 °C HYBERHIE IS S T30 ISR 0, fER
245 320°C. F 1B Ue U1 R T T Al 2 W BRSO WA,
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Fig.6 (a) H,-TPR and (b) O,-TPD of Co;0, and Co,MnO,
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Fig.7 Mechanism of formaldehyde catalytic oxidation of Co,MnO,
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Ultra Thin Co;_,Mn,O, Solid Solution Nanoflowers Rich in Oxygen
Vacancies for Oxidative Degradation of Formaldehyde Gas

YANG Baolin', HAN Miaomiao” , ZHAO Zhenxun', GAO Jiaqi', LI Fan', ZHENG Xinyi
CAO Rong', YAN Gang"’
(1. School of Materials Science and Engineering, Jilin Jianzhu University, Changchun, 130118, China; 2. School

of Energy and Environmental Engineering, Jilin University of Architecture and Technology,
Changchun 130114, China)

Abstract: This article uses co-precipitation and calcination methods to prepare Co; Mn,O, solid solution

nanoflower catalysts. The introduction of Mn element effectively increases the surface oxygen vacancy

concentration of the catalyst and improves its formaldehyde catalytic oxidation performance. The structure,

morphology, elemental valence states, and oxygen vacancies of the catalyst are characterized and studied.

Compared with Co;0,, Co,MnO, exhibits significantly higher catalytic oxidation performance for formaldehyde,

with

a decomposition rate of 71% within 60 min.

Key words: catalytic oxidation; Co;_,Mn,O, solid solution; formaldehyde degradation; oxygen vacancies
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