529 % 43
2015 426 H

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

Vol.29,No. 3

XEHS: 1001-3555(2015)03-0246-10

Mn, Co,_ O, EG KU FIEENLFIELS#E N, O

i‘ %, ;_*_;:‘ \:‘!'Tg’ /éf‘g%/&"f%%llé*
(G R BB TR, AR MG 264005)

W' HILDEEH & T — A AR 4URAT Mn, Coy_, 0, R a1 B & AWy, 1m0 00 28000 < Ja 77 ] o el Al
A, AT N,0. I X JHEATS (XRD) | N, Py B0 H (BET) | ZLAMGHE (FTIR) | $14 8 (SEM) | H, ffF
THELE L (H,-TPR) | X SHEOEH TRERS (XPS) S HORRALMEA R S5 0. B4 T2 5 A A4l . w5 Bh 77 2
T BRI A5 ] o S RO AR S5 R A AL IS PR AR 2R AR BFR) K| Cs B T fiEAL57 218 Co, Mn
TCRMATLEEHE, S5 7 Co—0 1 Mn—O 8, A A TAMFIBER, S T REACREEE. U iR
HEALH K/Mng 4 Co, 40,(K,CO5) , HHEILK A A K TR 400 CHEZLZ 50 h, N,O FALAR S5 {f$5 100% Fl

74.2% MEAHI R E PR RS

REEIA N, 0 AL/ 5 Mn, Co, O, RN ; LAWY BIRI2ER; SPaTIy; Mk

FESES: 0643.3 XHEFRERG: A

ULAEK , RERRFIC R A R4 Tl ekt
FALTE A (N,0) e ETF#a % N,O fiE % 300
WE R 310, FFAE 120 4, X R AZ A
ERT. N, O R CHU#RBUE ) Bl Hl i iy B B2 4
Z—. ARSI N,O WA RO ik, B
R RIS AR | 8 T2 T . i 48
A m L e I R AL AL R
SR AT A ALY . BBk R 4 1L (ABO,) |
R AT RUSE AR (AB,O,) RIB R L. 162 A T A
eI, &% A2 A AL I Mg-Co 2 & Ak |
Zn-Co B AEAM ™, HE R MALTE .

SCHRARGE : N,O 23 B, N,O 73 T-7EfEAL
FE T VE 7 b W B 1k, N—O ft 55 4k T I IF
RN, R M 2SR T, 5 A L R T
PEAE FBERE RO, Azag O, HERE 5 R f AL
FABIBR . T, 55 Ak i A 0 35 1 P o
SRR, P R B, A SRR S AL
FUETE. %07 1 O A — e Rl 6 4 R
Co;0, , Bk Pk Co-Al B &4/

N, O 43 fift 07 3% 476 48 fb-18 J5 ( Red-ox ) HLBH,
IS B 4 RO T KA AL . P, e
Zn,Co,_,Co,0, HHHAAYIH, Co 1A MALIE,

Wi EHEA: 2015-05-12; f&E HEA: 2015-06-08.

AR Zn 3 A B B HEARVE T, (EInAE
Y Zn R4 AT B U T AR, R AR AL RS
PERFEEE. AT TAES, 0T & 7 ke
BT [ Cu,Co,_,Co,0, H A EAY, HIT
HEAL i N, O, S BUSR B5 1 F04k B 3~ 2 ) (4 BIp R 1
FASER T ARG

YER RSN AR —T8 5, BATHI & 1 PiRh e Jm
B 2R 9 Mn,Co, O, & ALY, Kimk
W< J® (Na, K. Cs) SR s ML), 25
257 Mn-Co EASAALYAIRL . BIFRIZEEY , B AT4KY)
A5 S HOS AL N, O BRI REm. %% T
A A RN AT A5 P RIS E Tk

i)

1.1 LIS &

1. 1.1 Mn-Co & & S /L fiE AL LA Co(NO, ),
A Mn (NO;y ), Ukt P il & BH B 1 B 0.5
mol/L (IR ERIAIR. o IR Eh v IR 1% i AT &
K, RIZUBERE, JEA TR R UK, FEHDTTE
W pH=10. JKPEVTIEY EIEW L1, 80 C 1
12 h, 500 CHEHE4 h, HlFFA RIS Mn-Co 52
AR, 0 Mn, Co, 0, Hirp x LR EE

EEWH: WARBERHULRITRIBTHE (2012GSF11708) , Jl 5 0T A RHE BIHT 2401 H (GIFYTU) .

EE®E ST £E(1990-), 5, B2,

s JEIREER N, #7514, E-mail; xf@ ytu. edu. cn, Tel: 0535-6902746, 13953505932.



553 4

E S, Mn,Coy_, 0, S A EALY B HERE LRI LS N, O 247

IR

1. 1.2 5@ et Mn-Co 548 LY AL f%
AT A& ALK Mng ,Co, 6O, FYAEALT. ARG
M/ (Mn+Co)=0.03(J&R T, HrA M FIx Na, Cs),
e 9T 7 ¥ JRE ) e TR A i R 6 V9, DR IR
Mn, ,Co, (O, %24 h, 80 CT4 12 h, 500 Ck5kE 4
h, il 453 2ot fE AR 5T, 23 5 iE 8 Na/Mng , Co, 60,
(Na,CO;) 1 Cs/Mn, ,Co, ,0,(Cs,CO;).

% K/ (Mn+Co) = 0. 03 (Ji ¥kt ) , M il 77 e
FERIAESPER (K, CO,, KNO,, K,C,0,, CH,COOK)
{%{ﬁ, %)J(Ek/%fﬂj"f Mno,4C02.604 %‘ 24 h, 80 Ocq:d:ﬂn% 12
h, 500 Chrbe 4 h, Hil15 K BpbEeR, s50Eo
K/Mn, ,Co, ,0,(K,CO,), K/Mn, ,Co, (O, (KNO,),
K/Mn, ,Co, 0, ( K,C,0, ) Al K/Mng,Co, 0,
(CH,COOK).

1.2 N,0 o & bz

N, O Gt S AE [ SRS B B AT s
FRR UL, SRR 2% N,0+4% O, +Ar (fAFH
FED . HEATA A KT RS EPRAN I, K
RV ATR EE 8. 8% . SO T fE 140 mL/
min, FEACHI R 1 g FHRE Bl S i
AL N E R BERE, ] GC-950 B UAH (35 %
([EEAH Porapak Q, TCD K ilids, #FHLUL 120 mA,
B H,) K N, O BT AR
L2 1 AR il el R THR O,
A B i R AE L 30 min, SIS [R]) il BE Y N, O
RIAUSE, T N, 0 Fefp 3.

1.2.2 AR AR @ PE L L 10 °C/min A%
TRARF T2 400 °C, 400 CfEE N 50 h, KA
[l S REAE 2 N, O fRIAR B, 1153 N, O Fefb .
1.3 LI RAE

L.3.1 W o b WA A o HA 5 4 XRD-
6100 Y X SR AT AL, CuK, HIZk, {18 gy,
B RSB0 40 kV T30 mA.

1.3.2 eRm AR #8361 Quanta-
chrome % 7] 4 2 ) NOVA3000 Mg X, I3 AiTAE
AhZE 300 C Uk AR H 2 b, R 25 2 IR B 1 2% 5
N, MR, IR T B, SR BRY, HT BET
AT Y e T AR

1.3.3 LA Gy H A B HE FTIR-
8400 HIZL AN IEAL, KBr [E Jr, M4y Hl 4 000 ~
400 cm™.

L3405t IR B Hitachi 24 F] A2

7 S-4800 BUFH HLER (SEM) , XML R AT IR 30
SYHF. IRAT, R E-1045 #0857 4143 ( Hitachi 2%
FJAR )RR AR R PeAbIE, DASE IS L.
1.3.5 H, #/p FHilid i S TE R BEAEAL A ]
A7) TP-5000 BUG RN EEAT, B RS 10%
H,/Ar, i 20 mL/min, i@ JFIEEMNEIRLL 10°C/
min F} % 800°C , TCD LI MFEE 55
1.3.6 X 4Ot 1 RE S DA A oy e [
ESCALAB250 %Y X S 6 L FRETEAL, ALK, S2k,
T RER 20 eV, JH Cls(284.6 V) KIEARAL ] 3R
[l Co 1 Mn JULE M %545 fE. ] XPSpeak # {4 Xt
Co 2p Fl Mn 2p 1) XPS JEUEHEA T /3 I8 5

2 R

2.1 AEAEM Mn-Co E/FELMHIRIES EH

Bl 1 ZAFGUR Mn-Co &2 5 ALY XRD %
B, Y BE T AR A 45 A R R A (311) , (220)
(400) , (511) ., (440) HfIT4TIE, W] Mn-Co &

@311

(400) (511) (440)
22

222)

Intensity/a.u.
(=% )
=

10 20 30 40 50 60 70 80
20/(°)

Bl 1 A[E41 Mn-Co &2 4 A AL# 1Y) XRD %
Fig. 1 XRD patterns of Mn-Co spinel oxides with
different compositions
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d. Mn, (Co, ,0,; e. Mn,Co,,0,; f. MnCo,0O,
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Fig. 2 FTIR spectra of Mn-Co spinel oxides with
different compositions
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Fig.3 N, O conversion over Mn-Co spinel oxides

with different compositions
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Table 1 Crystallite size and BET surface area of Mn-Co spinel

oxides with different compositions

Crystallite size BET surface area

Catalysts

/(nm) * /(m? - g™)
Co,0, 17.4 38.2
Mn, ,Co, 4O, 29.5 56. 1
Mn, ,Co, ,O, 12.9 67.8
Mn, (Co, ,O, 10.5 65.8
Mn, ;Co, , 0, 10.9 59.1
MnCo, O, 18.2 29.7

a. Calculated by Scherrer equation on the basis of (311)
crystallographic plane data in XRD patterns.
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Fig.4 H,-TPR profiles of Mn-Co spinel oxides with

different compositions

a. Co;0,45 b. Mng,Co, 50,5 c. Mny,Co, (O,
d. Mn, (Co, ,0,; e. Mn;Co,,0,; f. MnCo,0,
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Table 2 Crystallite size and BET surface area of alkali metal
modified Mn, ,Co, (O, catalysts

Crystallite size BET surface area

Catalysts /(om)* St - g
Mn, , Co, 4O, 12.9 67.8
Na/Mn, , Co, 40,(Na,CO,) 9.1 57.2
K/Mn, ,Co, 40,(K,CO,) 8.3 62.3
Cs/Mn, ,Co, 40,(Cs,CO,) 12.9 56.7

a. Calculated by Scherrer equation on the basis of (311)
crystallographic plane data in XRD patterns.
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43JE R Co™ Fll Co™* 3 Mn 2p,, HLF 454 fE 641. 7,
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Fig. 6 SEM images of alkali metal modified Mn, ,Co, (O, catalysts
a. Mn,,Co, (O,; b. Na/Mn, ,Co, (O,(Na,CO,) ; c. K/Mn,,Co,(0,(K,CO;); d. Cs/Mn,,Co,(0,(Cs,CO;)
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Fig. 7 XPS spectra of alkali metal modified Mn, ,Co, (O, catalysts
a. Mny ,Co, 40,3 b. Na/Mn, ,Co, ;0,(Na,CO;) ; c¢. K/Mn,,Co,(0,(K,CO;); d. Cs/Mn,,Co,(0,(Cs,CO;)
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Table 3 Binding energies of surface Mn and Co elements in alkali metal modified Mn, ,Co, (O, catalysts

Catalysts " Mn 2py " Mn**/Mn* = Co 25 = Co™*/Co™
Mn Mn Co Co
Mn, ,Co, (O, 641.7 643.8 2.00 780.3 782.6 1.54
Na/Mn, , Co, ¢O,(Na,CO,) 641.9 643.8 2.14 780.3 782.2 1.27
K/Mn,_,Co, (0,(K,CO;) 641.6 643.6 2.19 780.0 782.2 1.50

Cs/Mn, ,Co, ,0,(Cs,CO,) 641.5 643.4 2.26 779.8 781.8 1.23
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Fig. 8 SEM images of Mn, ,Co, (O, catalysts modified by different potassium precursors

a. K/Mn, ,Co, 0,(K,CO;) ; b. K/Mn, ,Co, ,0,(KNO, ) ;

&4 RE K #2% Mn, ,Co, (O, HILt RERIBR R
Table 4 Crystallite size and BET surface area of Mn, ,Co, (O,

modified by different potassium precursors

Crystallite size BET surface area
Catalysts

/(nm) * /(m? - ™)
Mn, ,Co, 4O, 12.9 67.8
K/Mn, ,Co, 40,(K,CO;) 8.3 62.3
K/Mn, ,Co, ,0,( KNO,) 30.8 55.6
K/Mn, 4Co, 40,(K,C,0,) 14.3 62.2
K/Mn, ,Co, (0,( CH;COOK) 11.2 51.6

a. Calculated by Scherrer equation on the basis of (311)

crystallographic plane data in XRD patterns.

c. K/Mn, ,Co, (0,(K,C,0,); d. K/Mn,,Co, ,0,( CH,COOK)

T A BT R, {2 K/Mn, ,Co, (0, (K,CO;) Fil
K/Mn, ,Co, 40,(K,C,0,) TRERIREEAR/N, T
B 62.3 m*/g F162.2 m*/g. X} LA TR AL
FIBY b oBL ROS) s, wl LUA i K/Mng,Co, (0,
(K,COy) firbi/ NFARBAEMEALT, 1T K/ Mn, ,Co, 4O,
(KNO;) gl EAR MR KT 2.

9 Za i TAE K Fheetk Mn, ,Co, (O, 1L
W, KOO A A 7R) A 396 1 2 e R P A
o i AR R B9 35 R 5 B SR AT SR A G K/
Mn, ,Co, ;0,(K,CO;) >K/Mn, ,Co, (0,(K,C,0,) >
K/Mn, ,Co, (O, ( CH,COOK ) > K/Mn,,Co, (O,
(KNO,). n[RAiNH, K/Mn,,Co, O, (K,CO,) &
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Fig.9 N, O conversion over Mn, ,Co, (O, catalysts modified

by different potassium precursors

(AR A T 41 -5 LS/ 8 i AR RS o 1 B 2 T

Intensity/a.u.

810 800

790 780 770
Binding energy/eV

Mn—O B 19 55 16 L S8 B i B B, Ho K/
Mn, , Co, 0,(K,C,0,) i Mn 2p,,, Fl Co 2p,, %
ARERU, HHEBm RS 75— KA,
K BUHEAEALR) 2210 Mn™/Mn** 2 1L 835 2 TR ik
fEALFR], 1 Co™/ Co™ MR T ARBUHEMALT. 75 K ik
AL, K/Mn, ,Co, (O, (K,CO,) I Mn’'/
Mn* 1 o™/ Co™ iy , HARALIE MR H .

Mn** Mn 2p

Intensity / a.u.

1 1 1
660 655 650 645 640 635 630
Binding energy/eV

[7§] 10 Z:IEJ K ’Hiﬂ[‘lﬁ: Mno,4C02,(,O4 {é/ﬂs JE’J XPS lg
Fig. 10 XPS spectra of Mn, ,Co, (O, catalysts modified by different potassium precursors
a. Mn,,Co, (O,; b. K/Mn, ,Co, (0,(K,CO;); c. K/Mn,,Co, 0,(KNO;) ;

d. K/Mn, ,Co, ,0,(K,C,0,);

e. K/Mn, ,Co, (0,(CH;COOK)
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Table 5 Binding energies of surface Mn and Co elements in Mn, ,Co, (O, modified by different potassium precursors

Mn 2p,,, Co 2p;,
Catalysts Mn**/Mn** Co™ /Co™
Mn** Mn** Co™ Co™
Mn, ,Co, O, 641.7 643.8 2.00 780.3 782.6 1.54
K/Mn, ,Co, (0,(K,CO;) 641.6 643.6 2.19 780.0 782.2 1.50
K/Mn,_,Co, (O,(KNO,) 641.7 643.7 2.22 779.9 781.9 1.21
K/Mn,_,Co, (0,(K,C,0,) 641.4 643.3 2.28 779.7 781.7 1.22
K/Mn,_,Co, (O,(CH,;COOK) 641.6 643.5 2.26 780.0 781.9 1.23
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Catalytic Decomposition of N, O over Mn, Co,_ O,
Mixed Oxides and Modified Catalysts

WANG Jian, DOU Zhe, PAN Yan-fei, XU Xiu-feng
(Institute of Applied Catalysis, Yantai University, Yantai 264005, China)

Abstract; A series of Mn, Co,_ O, spinel oxides with different compositions were prepared by co-precipitation me-
thod, and incipiently impregnated by alkali metal salt solutions to make modified catalysts for N,O decomposition.
The techniques such as X-ray diffraction (XRD) , nitrogen physisorption( BET) , Fourier transformed infrared ( FT-
IR) , scanning electron microscopy ( SEM), hydrogen temperature-programmed reduction ( H,-TPR) and X-ray
photoelectron spectroscopy (XPS) were used to characterize these catalysts. The effects of mixed oxide composi-
tions, additive types, and potassium precursors on catalysts structure and catalytic activity were investigated. It is
shown that the addition of potassium and cesium onto Mn-Co mixed oxide resulted in the decrease in binding ener-
gies of Mn and Co elements and the weakening of Co—O and Mn—O bonds, thus the modified catalysts activity
was enhanced. The most active catalyst for N,O decomposition was K/Mn, ,Co, (0,(K,CO;) catalyst, over which
100% and 74.2% conversion of N,O can be maintained at 400 °C after continuous reaction for 50 h in oxygen-a-
lone and oxygen-steam together, respectively.

Key words catalytic decomposition of N,O; Mn, Co,_ O, mixed oxides; mixed oxide compositions; additive types;

potassium precursors ; catalytic activity
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