529 % 6
2015 4 12 A

a0 T
JOURNAL OF MOLECULAR CATALYSIS( CHINA) Dec. 2015

Vol.29,No. 6

XEHS: 1001-3555(2015)06-0545-08

HEESERIANIRNEREZARBENRRERS

WM&, B, LFE, e, REE, AEX, LEUE
(M3 A ke SFRBEERBESE L, L1 200240)

BE: KM RBEEE R G @R ALY Co-MnO, T HFT AM¥ERE L, B T ARGIERET, %4
PETRITEZE P PRIE T ) I 25 o Y AR BE S P RE . &R, BARIEEZK oA 1 1, JBOBRIRLEE D 773 KO,
#ARER AL TG P i, JF HLC IR B R Z IR R A 2 R 2. XRD | BET, TEM | EDS, XPS, ICP 455 AE
FBERWI, XA B AEALTE TR aT ER B TR A E5 R0 CoMnO; S ARZSH LK Co Mn FEAEAL R 22 8L TR
A FATFRWF AL XS RSB T 7R, SRR H R HY I S e A SR AL S 1Y 2 2 v

&) ;=4
R HmE; RE; M R A EELY
FESES: 0643.32 XHEtRER: A

A Sy — R TR () 28 N 2s S5 ey, B2k
DT BRI e P AKA ] it Fm R vk, K00
RIS APBENENEP, SRR,
SEIRIEFE, Q2 II0R , WUAREEThRE T, H 2
ERRE T =i, SRR S IR
— M WS g, MHFEAE N, TG R A E
SREGE R, R R T R &
AT 1 € % N 2SR A i GB-T18883-2012) Xif
TN A IR P PR R R AR B R 1 FR -]
$70.1 mg/m’ #10.16 mg/m’ , 404 TF 75 ppb. I
SIS R AR B

RAA B AW AIRE ), REEAE—E R b
B RS AR AR, SRTTZ SOV A 2 T A%
T TR AR 228, I PR A 35 15 e I TEAE
SR AFTE. TEXFIIGOL T, i & m e,
Rt P AR R AT 1 B g, S B o 14 [l g 25 gl
BAFIC

AR, RAMILA L VOCs B A5 T 0F
FENGBORBEZ AT, adiiE, St mAk(Ag,
Pd, Pt) il i 1E R A AL A AL RO TP R B B = 1Y
TEEST AR T A, AR 2 A B

i EER: 2015-11-01; f&[E HEA: 2015-11-30.

M. e kB, 1oL ISR SRR IS A Al
Oyl BRI A R A 7 A 0 P R R B 4
P RAEA ). PN Long 21 45 Bk | B | 4 |
B HGSE S R AL T AR BRER BT rp i AL R
%K ; Einaga 257 DUAH ALY AL, BP9 T R
AL AR ERE. R, LRI s N A AT
BRI SN P B B e T A R I SR R A S it
11, s NAEEGA R R Fak

TRAT BRI T R A B R L
TSP, I H A & P vk B A LA LA
i B TC O BR A T A A SR AR AT R 3 R I 1 4
FIN, BR T E R TR e 3 S A PR I R i B
(AT g,

PL ZSM-5 7 Fifi RERA, B A 4 Jm ALY
Co-MnO, Mi&E A4, RO EE, #&T —
R A A W 55 P B 11 2K Co-MnO,/ZSM-5 fiifk,
R FHEIMTEE MR R AR, 58T %Mk
FIAE S PR3 o [ B 2 o A1 e 2 L 4RI F i 1
e, DFFE T AT 28 S5 R A4 0 B A5 X T P 11
SR, @yt XRD, BET, TEM ., EDS, XPS. ICP, J&
PLLLAMI BT EF AR T-BOEAL R T T RAE, 148

E£TWH: HEKHARERES (No. 21577088 ) FlE 5 @ B AT & &1 (863 1141 (No. 2010AA064907 ) ¥t B35 H ( The National Natural Sci-
ence Foundation of China ( No. 21577088 ), the National High Technology Research and Development Program of China ( No.

2010AA064907) ).

TEEBA: BRI (1991-) , 5 fi+-4:. E-mail: 1184235025@ qq. com( Chen Meng(1991-) , male, Master degree candidate. E-mail: 1184235025@

qq. com).
* JHIREER A, E-mail: shangguan@ sjtu. edu. cn.



546 g Mt

29 %

S I LA T
1 LRERSY

1.1 EEFFE

I— 7 AR | SR S LB T KRGS
Sa, BRAERE TR AN LR ETE, |
TV I IR S T A5 VS 1 R S LA B o
573 ~973 Kl BE45F T Bebe, Hil& 4R & &8 A
£ Co-MnO,. i<k B A R A . M TR 14 YR 1) FH
i, TSR S AH AR 2 A R A e i1
F. EREE, B AR R 10% [ ZSM-5 4F0ii
BA LR R ERR AW, s LA 10
min, T AR, BRI DR TS Y S A e
FRTHS, BEi5E e )E PRk b
1.2 EILFIRIE

PEAL T AR 28 H4) SR ] H AR B 2228 F] Y D/MAX-
2200/PC B X SFFEATHHACGHA T E 43 B, IR
HAHE(Cu K o, A =0.154 183 8 nm) ; N, W Jhi e 2
[ 22 7V g8 /N H) TRISTAR 1T 3020 % [ 3 1A FifL R
ST BT, HEARFRE S B4 150 C &4 F 3
h BAACHE, R mAE B8 BET Jy # i E AR 55 i
EFITES . OB R T SEOW A5 #4 Fi H A4S ik =X
234t JEM-2010/HT U385 5 Wi i s ( TEM) I 22
FEFRIA EDS 2387 T A0 2% 18 1 Ab 2 504y 5 AEAR )
& ETTRMA . EWFILL B H A R EA A
f) AXIS-ULTRA-DLD % X 28 i+ BE 1A I |
FHRAE RS C 15(286. 4 eV) XF 45 A BEHEAT T AL
XT 5 AR AR T R & i i RS Ol
k& A2 X ICAP-6000-Radial #4171 43 8 5 I
v, Nicolet-6700 B J5 {37 £1 40 43 #7 4 FH A A6 ) H g
B A A AR b e ] .
1.3 ELFERETEMN

S IN B AR A N IR 3 m® B
AR AT, MAR N RS T R K R G AR
PR ge. [RIEHRETE A 6 NI FL TR WD AR
TR VR EE . FE B R RV e R 1 A
Co-MnO,/ZSM-5 {4k 77 E T # P 1) 194 o b T 1)
TS F e A BT . s DL AN KT S RARUR AR
U5, I FH e B ok Ot BB AL R0 5 5 i ik A 1k
R, 38 A RATLASE A P 225 00 A 2 v Ak BT

ST T SEAT I P RS SR R,
TBCE I B H R T O R AT HO A). B 4T I
FALEATOIXUBIL, A4 Ak 790 R R AE P FE 8 3K 30 4

LR UL BEWR B NI IR . Z IR AT 5 AMT,
BB 1 bl s — U A A R R AR . S
Hr, HIEE AR AR 43 5 Formaldemeter htV-M 7Y
T4 3 A A Modeld9i 1 L 48 2 7 AX kA T
e

2 R 510

2.1 EUFIRIE

BRERPEIREE A 1+ 1, AN [RIEGE R BE T il 4 1
525 A R ALY AR B XRD B E 1 RS,
AILAAH, 573 Al 673 K R il #5149 Co-MnO, HATHH
[] (%) d AR 254, R AR A A MnCo, O, 5(JCPDS32-
0297). igbeif 4w 3] 773 K W, #53Eh a2
e A1 e A6 B R B R CoMnO, (JCPDS65-3696 ) .
ik BEAREE T, BRI AE A MnCo,0, 5 2 ERFE 1L
SR, EE S BB ERE U T IR e AL Sy 5 A )
ERER IR dh A3 MnCo,O, ( JCPDS23-1237 ) A1 ( Co, Mn)
(Co,Mn),0,(JCPDS18-0408). MiEE T & 973 K
IF, EERET i — .

* MnCo,0,
+ (Co,Mn)(Co,Mn),0, «
v CoMnO, *
® MnCo,0,; * T=973K
’ ‘Jk' *;’k * ‘* ov * **v
’\' “ ivopaert ¥ T '*' et oo, ol ¥ ol
= *
K * T=873K
N Ky KK kyek v v vokkv
,‘5,; RSO S, oy i IR PR ST, KO 7 O RTN
g v T=773K
E ° v o [ v e v Vve ™
e~ RSV, SRS, v N L THRY S RO TSIy S
= °
= N . o o o T=673K
]
g L]
. * | e e o T=573K
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ W_uu-«'wfb«w N“w"\”“'mmmwmv"‘*« '\N»va‘“'vw. S
1

0 10 20 30 40 50 60 70 80 90
20/(°)

Bl 1 A RMBLE i BE i # Co-MnO, fiEALFRI) XRD &3
Fig. 1 XRD patterns of Co-MnO, catalysts with

different calcination temperature
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Fig. 2 XRD patterns of Co-MnO, catalysts with different
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Tablel BET surface area (BET) of Co- MnO, catalysts

Sample BET surface area /(m” + g™")
Co:Mn=1:1,573 K 19.8
Co:Mn=1:1, 673 K 17.6
Co:Mn=1:1,773 K 15.6
Co:Mn=1:1, 873 K 14.7
Co:Mn=1:1, 973 K 12.9

Co0,, 773 K 10.5
Co:Mn=4:1, 773 K 13.4
Co:Mn=1:4, 773 K 16.2

MnO,, 773 K 18.3
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Fig. 3 TEM images and EDS spectra for Co-MnO_ /ZSM-5 catalysts with the cobalt-manganese

molar ratio of 1 : 1 and 773 K calcination temperature



548 g Mt

29 %

&2 AE Co-Mn BERILGITHEHRHTERE
Table 2 Elemental analysis of Co-MnOx catalysts with

different Co-Mn molar ratio

Element content/ (wt. % )

Sample

Co Mn
Co0, 76.5 0

Co: Mn=4: 1 60.4 14.8
Co: Mn=1:1 36.4 34.4
Co:Mn=1:4 14.4 54.4
MnO, 0 63.6
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Fig.4 (a) Formaldehyde removal efficiency of Co-MnO, catalysts with different calcination temperature

(b) Ozone decomposition efficiency of Co- MnO, catalysts with different calcination temperature
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Fig. 5 XPS spectra of Co- MnO, catalysts with different calcination temperature
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Fig. 7 Effect of ambient humidity on the experimental results
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Fig. 8 In situ diffuse reflectance Fourier transform infrared
spectroscopy (in situ DRIFTS) spectra of ozone reacting
with formaldehyde on Co-MnOx catalyst
(1 : 1 cobalt-manganesemolar ratio and 773 K

calcination temperature )
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Simultaneous Removal of Ozone and Formaldehyde in Indoor Air
by Cobalt-manganese Oxide Catalysts

CHEN Meng, LI Yi-zhuo, FAN Ze-yun, SHI Jian-wei, CHEN Ming-xia,
LIU Zhen-yan, SHANGGUAN Wen-feng "

(Research Center for Combustion and Environment Technology, Shanghai Jiao Tong University,
Shanghai 200240, China)

Abstract; Cobalt-manganese composite catalysts ( Co-MnO,) were synthesized and supported on cordierite honey-
comb ceramics by in-situ impregnation method in this work. With UV lights as ozone source, the catalysts prepared
by different cobalt manganese molar ratio and calcination temperature were applied to simultaneously remove low-
concentration ozone and formaldehyde in an indoor environment. The results showed that, with the synthesis condi-
tion of 1 : 1 cobalt manganese molar ratio and 773 K calcination temperature, the catalyst acquired the highest
activity to remove formaldehyde. According to the catalysts characterization such as XRD, BET, TEM, EDS, XPS
and ICP, the excellent catalytic activity is ascribed to the formation of perovskite CoMnO,, larger amount of surface
oxygen and mixed-valency of metal ions. In addition, the effect of the ambient humidity were also discussed. The
in-situ FTIR technology was applied to investigate the reaction mechanism of Co-MnO, catalytic reaction for simulta-
neous removal of formaldehyde and ozone. It has been found that, formic acid is the main intermediate in formalde-
hyde oxidation.

Key words: formaldehyde; ozone; catalysis; cobalt-manganese composite oxides



