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Co(NO,), + 6H,0, Na,CO, R, [H2G5HE A b2HXRG RA R, Fraiti oy, B
YO 228 FoKECH]. 2B AL S TS (B AR A BR A 7], Ramiin GC2060) 5 X ST
SHY(XRD, 2% PANalytical 23 &) X’ Pert PRO PW3040/60) ; #2575 H# S #H74% ( TG-DSC, &
[€l NETZSCH STA 449 ¥3) ; DU %L (QMG220. E002, HCHO-TPSR) {E£ 737 5 Iz 18 S Sy 1 L it
LLAMETEAL (in sitw DRIFTS ) FVE B AR 2T SR5EE (FTIR, 38 Nicolet 6700) .
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1.2 KIEHTE

1.2.1 Co,0, ALFI 4 % RATIIEERFE. ¥4 1.0 mol/L Co(NO,), #IH 0.5 mol/L Na,CO, ¥
WAESEFE B I B bedrrh |, IE N 60 C, pH=9 ~ 10, FriFEME T 60 CH1L40 min, HhiE, H
EBETKIBUER S K, T 120 C T4 12 h, HJ57E 300 CRBE3 h, RIS Co,0, MEALF]. ZARRSH
FIAN ] 9k 3 T4 R A AL )43 7R Co,0,-G-T Hirh G AR 3R N, 8% 0,, T ACFE b BRI 2 .

1.2.2 (AL o 38 AP A L5 (EARTR) AT PPN 7 [ 58 PR Ry 2% - EAT. #5 0.5 g fEARFI (40 ~
60 H) MR A SR (40 ~60 HHIRGIHA), FAA TV (FFE 6 mm) 1, 7EN, 5L 0, 5T
ZoANIA) I B TR AL P 30 min, BEBIEE, VIR, B ARG V(N,) 1 V(0,)=4:1, N
50 mL/min | AL RPEERL (36 C), RV FEES 0 200 mg/L, VIR 25 ~230 C, B4
T SRV 30 min SEATAELRINGE . K I B R4 o)1 (i A 43 B0 il s B L Ak, R FID A6
A ES | CcOo Al Co, .

1.2.3 @ Rt R4 AL B AR ZE A TE 22 5 X SFRAT S I E. SR Cu Ko 528, Ni 9B A,
TAERJE N 40 KV, TAEHRN 40 mA, FHTEH 20 =10° ~80°, 14 JF 4°/min.

HEAL AR - 25 m R I HT (TG-DSC) ZE R T A 5. K 10 mg AL R ARE S AR
FE4E N, (N 100 mL/min) A, BL 10 °C/min THEEZPAE S 25 °CFEFETHREF] 1000 °C.

¥4 100 mg LT (40 ~60 H)BAGIERBE T, 78 N,(HiEN 40 mL/min) 40 Fl A [R]85 75
A3 30 min, REEE, Yk 0,/C0,/HCHO (it fE 4 40 mL/min) AR 30 min 20 FF-F-A, 4]
N, KKEHZET 0,/C0,/HCHO (55K, Fa B)7 THE (THEE3E R 10 °C/min) £ 700 C. BAH
VU R ST TS e .

A LT AME R HTEAE LTI EIEAL B . A AR (/NF 100 B ) A R RN HRE bR It e
SEFM, 7E N, SO (FEA 40 mL/min) AR UL FE 30 min, SEA7RE 4R 5E . TR R 3t
I EZS F 107 Pa JEAREE 30 min JE T 5, WA ko SRR A SR, SETEUERAE. a5k
K4 em™, FHERECH 64 K.

2 #ZR5itE

2.1 EALFIRFEETED

HEALFNE A SR TR L. ATLAE M, A6 N, S50 T4 2 o) A 700 % 1 RS 26 1 e i) L% i
F. Hr Co,0,-N,-200 WEMRAE, 7525 CHARIRT 31% , Bl SN EE BT, SO i AR Y
hn, YN BEIRF 150 C, PR AL AT LUK E] 100% . Co,0,-N,-300 Fil Co,0,-N,-400 7E 25 °C i}
HE AL R I R 15% , BfAE S0 i BE 19 T i, ARk R0 A 7 AL R AR R3S i, #E 25 ~ 100 CJE Rl I,
Co,0,-N,-400 FRIE T R, (R 100 °C, HFELRJLF-HEREARAE, 24 5 N iR BE IR 5] 230 C
i, Coy0,-N,-300 1 Co,0,-N,-400 ) H R AL 353 HIGAF 75% F1 42% . i Co,0,-N,-25 HEALFE PR
i, RBLREEFE] 180 °C B T thie ik, bR {00 2. 1% , 3] 230 CHIFALFILF] 5. 6% . FHIL,
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Fig.1 Catalytic activity(A) and CO, selectivity(B) of Co,0, pretreated in N, or O, at different temperatures
a. Room temperature; b. N,, 200 C; ¢. N,, 300 C; d. N,, 400 C; e. O,, 200 C; f. 0,, 400 C.
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A R I AR A A TS T, B RN EE T, Co,0,-0,-200 AT M S B A RS nFE AR A
B e LSRR 20% . Co,0,-0,400 3G PEAE LA Co,0,-0,-200 FHT, {HFTH G PE R
EHEE, mem PR 47.56% . FIRZERFW], E N, KA 200 C TAL A A A0 2 A
FIMEAL TS TR CO, EFRE.

AL AR E PSS B (18 2) 228, 4T 200 F1400 °C FANFRAEAL T, 254324 210 min Ji5 S RYFE 4L
YR TR, H, Coy0,-N,-200 HEALFEME T BEIFEE RN, RVEFEE 210 min UG, FEE T
FEHFRETE T0% 2247 ; 1T Co,0,-N, 400 FEALFITE T IR, 7F 210 ~450 min X[H], AEACH G
FREE R ZE 46% , I HBE RN R AR S HE K, fEALTG 7 45% 224y, WA SO I [a] I RE R, Co, 0, -
N,-200 HEAEFIF) CO, BEFIE R ZB %, ] 700 min B} CO, KR EE 82% £4H. X F
Co,0,-N, 400 f#E7], CO, FEHEHMEAE 30 ~210 min YO N BERINE 74% , W& RV k1T, CO,
MRS ETE 73% 24, ik, Co,0,-N,-200 #EALFIAEXT T Co,0,-N,-400 i A0 751 ZR I 3155 A9 S
WM CO, R T .
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Fig.2 Dependency of formaldehyde conversion(A) and CO, selectivity(B) on the reaction time over
Co0,0,-N,-200(a) and Co;0,-N,-400(b) at 100 °C

2.2 fEHFIRLEH

RATALFE Co,0, B XRD JEEIAIE 3(A) Fix. LA, AL A XRD 1% 5 80 #8 i 2 5 A
Co, 0, FTHHIE . JATLIAMEIE] B 3(B) 1 in, RETWALFER Co,0, 7E 572 F1668 cm ™ AbEHL 2 4
IRBLEIECIE , F3 5% BIR FHATEEH Co, 0, 1Y Co( D) —O( I) Hl Co( ) —O( I) HIFFAESR S
UESZAEAEF I 4H BN Co,0, 5 7E 3000 ~ 3600 em™ HY B 1 > Fa U6 XoF 07 W B /K () 2 S 4 4k 35 A
1250 ~ 1600 em™ b tH BRGNS, Xk 17 TR IR R (WAL > | BERA Co, 0, S BRI R A1 4544
HA Gy W2 S YK S CO, TS A /K FBRIRER Yy b. 65 FUAE PRI R ) T i, K RVBAR I 6 F) i e
BT, Co,0, B Co( M) —O 1 Co( I ) —O WFFIEIRShIEI KA, M4k 57E 300 °C FigbHE
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Fig.3 XRD pattern(A) of Co,0, as prepared and IR spectra(B) of Co,O, pretreated in
N, at 200 °C(a), 300 °C(b) and 400 °C(c)
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T WG58 . Jansson %52 B3 AR IS4 VA& T B A AN AN G 45 B B 17 5 R T 0 dn iR shig 3
& 4 AR TG-DSC k. o] WWIREE M ZE T2 760 CHY, Co,0, ZZ18 K 2% 247, FXTN
) DSC | 2 AR T8 A0 Wz g | T 7E 760 ~856 CIuE N I 1 N Bk E S MY, EREE DSC i

SREBU | N A, S AL AME RIS 100
Y, ZEURLE 760 °C T FE P e T A B T {5 26 T e o e 1" =
iR A B K A BERR . Tang 251223k, Co,0, % ol 5 {12
IAFAES Co—O HEAE FECRIR PRI RIS, /T < h L E
U 300 3290 A 126 Tl T AL 6 Hr | 4 <
T A Rl A B R T BRI R, %851 5 4T 92 A N -
SIS, T 760 ~ 856 °C ¥ B 4 B 2 T 45 B ) ol . Ty
KEREZE Co,0, MR CoO A 0,7, P AT e T O

3T 24 7 5 ) 9 T B B (T Lo i ) Fig.d4 TG-DSC curve of Co,0, catalyst in
R, M H AT LSS R AR LR, Rl N,(50 mL/min) at a rate of 5 °C/min
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B 5(A) AEEFIE 0,-TPD 35K, Fra MALFIZE 100 ~250 °C (o), 250 ~450 °C (B) F1450 ~650
C(y) BRI 3 AW, 4330% 0+ 5 Co™ 8 Co™ BB AR E T (0,,) . 34 Co™ BT =AM
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Fig.5 O,-TPD(A) and CO,-TPD(B) profiles over Co,O,catalysts pretreated
in N, at 200 °C(a), 300 °C(b) and 400 °C(c)

FLA AN RMEAR I O, MR vl LUK R, Bt TOUAL R B2 A T, o F0 B BT SURIBRAIE, v M
B P RAARR AR T LU S22 18, 454 TG-DSC S5 3T, B WiAb BEIR B AT+, BT Co, 0, FIAIAEZS X
s, FECLR MR AR 0, 1 O, BE ST BEREAR, O, Fl O, AT BEXT H 1 AL Ak 2 = 224 E

S 23T AR 43 7, LR I -7 505 43 L FL Ay, A1 A e 700 5 T P 2 30 e Ao X Y 1) O o34 1
EEEEAEM. MR COo,-TPD 3 E G 5(B) Fi. FTLIE 1, Fra bRl 100 C(a), 175 C
(B) F1380 C (y) AT 3 AN ELALTER CO, WG, 23 % R 5 BE R [R A 3 Ao, I HL
AL B AT, X 3 Ao R AR, 5 0,-TPD 255t T LUK IR, B rrcs 1 A 98
LY Co, 0, I AYFI ML R —2, Bk, o 248028 7 i nT 5 S50 A 700 2 i 1 17
FR 2B, DT i — 20 B AT e A 700 0 97 12
2.4 HREALERSTAIMEE

&6 Sk H S S 18 I ST M. ATLAE H, Co,0,-N,-200 Fl Co,0,-N,-400 (LT AN Hr i it b
R E A, Hr 3000 ~3600 F1 1591 em™ X Iz ) IR HACIEE 43+ 3 hy 46 65 32 5 TR o 285 7K 1) Ak 4 B sl
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Fig.7 HCHO-TPSR profiles over Co,0,-N,-200(A) and Co,0,-N,-400(B)

HRAELL ES55, 0T LAHE S S B HLER AN Scheme 1 FT7R. 8 5 H I AR AVAEUR 720 BIHE I Co, 0, M
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JRRA , XTI B 285 HA PR R 1y s — 2D RS A e PR VE . T 200 °C AL BRI AEAE 7] Co,0,-N,-200 BEfR
UE T SR B AN ZS A7 IR R, OGR4 T 55, PRl Ik 2 2 T 40 HE IR B A R iy H T
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Influence of the Surface Species over Co,0, on the Formaldehyde
Catalytic Oxidation Performance’

ZHANG Ye', ZHOU Jiajia', WU Guisheng'*, MAO Dongsen', LU Guanzhong'~
(1. Research Institute of Applied Catalysis, Academy of Chemical and Environmenial Engineering,
Shanghai Institute of Technology, Shanghai 201418, China;

2. Institute of Industrial Catalysis, Department of Chemistry, East China University of
Science and Technology, Shanghai 200237, China)

Abstract The Co,;0, catalysts were prepared via precipitation methods, and then were pretreated in N, or O,

at different temperatures. Based on the study of formaldehyde catalytic oxidation, the catalytic performances

were investigated with the detailed surface characterization via temperature programmed desorption ( 0,/CO,-
TPD, HCHO-TPSR) , thermogravimetric-differential scanning calorimetry ( TG-DSC) and in situ diffuse reflec-
tance infrared fourier transform spectroscopy (in situ DRIFTS). The results presented that Co,0,-N,-200

showed the optimal catalytic performance, because there were rich unsaturated coordination centers of Co™ and

negative oxygen ions with weak bond strength on the surface of Co;0,-N,-200, which was ready to adsorb

formaldehyde to form bidentate formate, and then decompose to products via monodentate formate. With

increasing pretreatment temperature, the amount of negative oxygen ions decreased, accordingly the catalytic

activity for formaldehyde catalytic oxidation decreased due to slow decomposition rate of desorbed bidentate

formate.

Keywords Formaldehyde catalytic oxidation; Co,0,; Formate; Temperature programmed desorption;

In situ diffuse reflectance infrared Fourier transform spectroscopy; Surface oxygen species
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