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MnOs(1173) . AgNOs , 10h, 393K
s 773K 4h, 973K 2h,
Ag , Ag/ Lao.sSro.4MnOs( 873) Ag/ Lao.Sros
MnOs(1173), s s 76- 100
(102GD ) . 300mg, CH4/
02/ N2= 2/12/ 86( ) CH30H/ O2/N2= 0.2/ 1. 0/98.8 ( ), (GHSV)
45000 h™' 58000 h™ . (TCD) ,
TD X601 . 2m; (FID)
, GDX-103, 3m; )
TEM JEOL JEM-100CX . XRD Rigaku D/ MaxC
X R CuKa , & * min . XPS VG ESCA-LAB
M K-11 , C(1s) 284.7eV .BET
Sorptomatic 1900
H>=-T PR ZOmg.
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B L T N
Table 1  Activity assay of oxid'fltion of H» (Ha/ Na= 5/95, V/ V)
CH, at low concentration on the
Ag/Lao. ¢Sto.4MnQs catalysts * B _ ’
10K * min ', 102GD TCD
Catalysts Tso/K  Tos/K Ha, _0~TPD
Lao. 6Sro.sMnO;(873) 765 813 .
2% Ag/Lao¢Sro.Mn0s(873) 683 743 Omnistar GSD 3000 M S .
4% Ag/Lao. ¢Sro :sMnQs(873) 685 735 20mg s
6% Ag/Lao 6Sro 4Ml'103(873) 680 745
8% Ag/Las sSto sMnOs(873) 693 750 ) 0: 713 K,
Lao. 6Sr0..Mn03(1173) 863 973 ? He 3 h’ 10K+
1% Ag/Lao.¢Sto MnO3(1173) 793 875 min- 1 .
2% Ag/Lao.«Sro 4aMn03(1173) 778 853
4% Ag/Lao oSro.sMn0;(1173) 793 863 - (TG-DTA) ST A
6% Ag/Lao. ¢Sro..Mn0s(1173) 803 898 409E P
Lao 6Sr0.sMn03(1123) " * 755 813
0. 1% Pd / y-Al,0s 773 828 2
0. 1% Pt/~v-Al:Os 843 888
.1
" Reaction condition: 0. 1MPa, feed-gas composition CH./ Q. /
N =2/12/86(V/ V), GHSV =45000h~". ** Quoted from
Ref. [2], reaction condition: 0. 1MPa, feed-gas composition
CH./0:/N; =2/19/79(V/ V), GHSV = 50000h " 50%  95%
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£2  Ag/LaosSroMnOs; BALH L ERERES Tso Tos ’

TR 5 R b2 b, 8K
Table 2  Activity assay of oxidation of Lao.s Sro.4MnOs

CH;O0H at low concentration on the ,

Ag/Las 6Sro.4MnO; catalysts * 1173K
Catalysts Teo/K  Tos/K 5
Lao,6Sro 4MnO3(873) 465 437 CO2 ) , CH3;0H R
1% Ag/Lao.¢Sto MnO:(873) 498 445 HCHO, CO GC Ag
4% Ag/Lay ¢Sro.4MnO3(873) 411 432
6% Ag /Lao. «Sro. MnO:(873) 408 421 Lao.6Sro.4MnOs
10% Ag/Lao «STo MnQOs(873) 413 421 , 4% (
0. 1% Pd/y-AlOs 460 512 , ), Ag/ Lao.sSw.4MnOs(873) Tos
0. 1% Pt/ y-Al2Os 442 468

Lao.eSro.4aM nOs3( 873) 78K; 2%Ag/

"Reaction condition: 0. 1IMPa, feed-gas composition

Lao.eSro.4MnOs (1173) Tos  Lao.6Sro.4MnOs3
CH;O0H/0;/N; =0.2/1.0./98. 8(molar ratio),

GHSV = 58000 h-" (1173 120K. Ag
; Lao.6Sro.4aM nO3( 873)
4% A g ; Lao.sSro.sMnOs(1173) 2%Ag LAg
Lao.eSro.4aM nO3( 873)
»  6%Ag/LaosSw.aMnOs(873) , T'so  Tos Ag
44K 29K; CO, HCHO CO
GC .
2.2 TEM XRD
la 1b Lao.eSw.4aMnO3( 873)  Lao.eSw.sMnOs( 1173) TEM

B 1 FRERGERES &KL R TEM BiR

Fig. 1 TEM images of Lao «Sro.«Mn0, catalysts prepared by calcination at different temperature
2)B73K: b) 1173K

. 873K . 20- 40nm 1173K
(~ 100 nm) .N=BET . 873K
26 1m** g™, 1173K (11.2
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m'cg ) 2.3 , Ag (
4%, 2%) [2]
- LaFeOs (~ 20nm) [ 9] NaCOs NaOH
, LaMnOs(~ 30nm) Sr Lar« Srx MnOs(~
25nm) - Lao.s
Sr0.4M nO3 , 873K
. 2a 2d
Lao.6Sro.4aM nOs XRD
(ABOs)
* T * ’
N e o U " . ABO:
NV VY D ()
) ) 5
c ABO:s s
b ; TEM
20 30 40 50 60 70 2b, 2c, 2e A Ag
260/(°) XRD ,
EH2 TEAz AHREAEAREEHNE .
L FH XRD i , 20 38 14° 44.34
Fig.2 XRD patterns of the different catalysts Ag
a) Lao ¢Sro 4MnO3(873 ); ,
b) 4% Ag/ Las,¢Sto sMn0;(873); Ag . ,
¢) 6% Ag/Lag «Sto. MnO;(873); Ag0 XRD 20
d) Lao.eSre.«sMn03(1173); 3. € 38 (F 7
e) 4% Ag/Lao oSt 4Mn0;(1173); A
f) 6% Ag/Lao 6810 MnO3(1173); 8 ’
*peaks ascribed to the perovskite-type Lao ¢Sro sMnOs-phase,
* "peaks due to metallic Ag crystallite phase ;
Ag 20=
38.14 R 2b, 2¢,2e  2f , s
XRD ( ) Ag20
2.3 Mn, Ag XPS
Mn, Ag Mn(2p32)  Ag(3ds2) XPS 3 4.
XPS 3. 3 LaoeSro4MnOs  Mn(2p -XPS
641. 7eV [10,11] Mn20s  Mn’" (2p32) , Lao.s Sro.4M nOs
Mn + 3 Lao.sSro.4M nO3 Ag , Mn(2p)-XPS ,
641.4 642, 1eV, Mn™ (2p2), [ 10, 11]
MnO:2 642 2eV , Mn4+(2p3/z). 4 R Ag(3d)
-XPS 367. &V, 367. %V ;0 Ag 2% %
,367.9eV Ag
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Ag XRD , [10,11] Ag'(3ds»2) 367.9 eV
: 367.9 eV Ag Ag’(3ds») .
4  367.5eV Ag(3d)-XPS [10, 11] A0 Ag'(3dsn2)
, XPS Ag Ag". Ag’
(0. 126nm)  La’*(0.106nm)  Sr’* (0. 113nm) , ABO:s (
) La*  Sr* A , ,
+ 1 . , Ag' La® S ,
ABO: , B- Mn’"
+ 4 , ) , Mno'* :Mn™
Mn*. Mn(2p32-XPS ( 3b)

3 BUAREXERS Mn(2p)f AgGMER
Table 3  Binding energies of Mn(2 p) and Ag(3 d) in the Ag/La ¢Sro.sMnOs catalyst and related systems (eV)

Sample Mn®* (2p,,,) Mn** (2p,,,) Ag®(3ds2) Ag* (3dss2)
Laa 6Sro 4MI‘103 641.7

6% Ag/ Lag ¢Sro :sMnOy 641. 4 642. 1 367.9 367.5
MnO* 640. 9

Mn:Os* 641.7

MnO:* 642. 2

Ag® 367.9

Ag:0" 367.5

* Data quoted from Ref. [10, 11]

641.4 2421

367.5
367.9
6417
b
367.5
b
a
a
630 635 640 65 650 360 365 370 375 380
EyfeV EyleV
M3 FTEAg52 AgBUANMnQp)-XPSiE HEH4 KFE Ag iERELHN Ag(3d)-XPS i
Fig. 3 Mn(2p)-XPS spectra of the different Fig.4 Ag (3 d)-XPS spectra of the different
catalysts catalysts
a) Lao.sSr0..MnQ3(873); a) 2% Ag/Lao ¢Sto.sMnOs(873);
b) 6% Ag/Lao.«Sro MnQ;(873) b) 6% Ag/Lac.Ste.sMnOs(873)
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2.4 H=-TPR
H=TPR , La' S ,
H-TPR ( 5) Mn"* ;
Sa , Lao.sSw.«MnO3( 873) H=TPR , 623
1023 723 1023 K. Lao.6Sro.4aMnO3
623 Mn""* ( Mn™,
o Mot ) M ’
403 d , , Lao.sSro.aMnOs+ x H2 —Laos
790 Sro.4aMnOs.+ x H20;
667 Lao.6Sro.4a MnOs«
= ¢ . 1023K
523 La203, SrO MnO
403 1173K Lao.6Sro.4aMnOs3( 1173) ,
P 123 b H-TPR ( 5¢) Sa ,
_/‘\J\ 50K,
a
323 523 723 923 1123 Mn"*
T/K
M5 FESAHE H-TPR i# LaosSmeMnOs Ag
Fig.5 H.-TPR spectra of the Ag ? 2% Agl Law-s
different catalysts Sro.4Mn0O;
a)Lao.6Sr0.sMn03 (873 ); » ’
b) 2% Ag/ Lao.¢S10.sMnO; (873 ); 403K A g0 )
¢) Lao.6Sto :MnO,(1173); Ag20 + H2 »2Ag+ H20; 523K Mn**
d) 2% Ag/ Laq ¢S70.:sMnO; (1173) Mn*. 596K
- Mn'* Mn™ . 5bh  5d H=TPR
883 , Ag
883 Mn"" ;
2.5 O-TPD
6 0: TPD Ag
b Lao.sSrosMnOs( 873
a TPD ( 6a) 02
473 573 673 773 873 973 1073 1173 073 K )
K 883 K, 783K
He AEELFH O-TPD i Ag 6% Ag/ LaosSrosMnOs(873)
Fig.6  0.-TPD spectra of the TPD | 6b) 7
different catalysts
a) Lao.¢Sto.4Mn0s (873 ); 783 883 K. Ag
b) 6% Ag/Lao sSto MnOs (873) LaSro.«MnO3( 873) O=TPD
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Ag" Laoe Sroas

MnOs . Ag0 573K Ag  0..TG-DTA
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Ag/ La.6Sro.«MnOs Catalysts for Deep Oxidation of CH: and CHsOH

at Low Concentrations*

Wang Wei  Lin Guodong  Zhang Hongbin  Xiong Zhitao

(Dep artment of Chemistry & State Key Lab of Phys.Chem.for the Solid Surfaces, Xiamen University,
Xiamen  361005)

Abstract A g-modified Lao.sSro.sMnOs catalysts were prepared and their catalytic performance
for deep oxidation of CH4 and CH30H at low concentrations were investigated. The results
showed that the Lao.sSrosMnOs host catalyst with the perovskite-type nane-crystallite strue
ture displayed considerably high catalytic activity for deep oxidation of CHs4 and CH3OH at
low concentrations. Agmodification to the Lao.sSrosMnOs host catalyst resulted in signif+
cant enhancement of the catalyst activity, making the 79 (the reaction temperature needed
for conversion of 95% of CHs or CH30H) lowered down to 735K (for CH4) and 421K (for
CH30H) from 813 and 465 K over the Ag-free system under the reaction conditions: 0. IM Pa,
CHa/ 02/ N2= 2/ 12/ 86(molar ratio) , GHSV= 45000 h™' and CH;OH/ 02/ No= 0.2/ 1. 0/98. 8
(molar ratio), GHSV= 58000 h™', respectively.The carbon-containing product was almost
CO:2 and the contents of HCHO and CO in the reaction-exit gas were both under
GG-detectable limit in both cases.

The results of spectroscopic characterization indicated that modification by proper
amount of Ag-dopant did not change the perovskite structure of the Lao.sSw.4MnOs host cat
alyst as a whole. Interaction of Ag-dopant with the surface of the host catalyst, LaoeSros
MnOs, was in favor of high dispersion of the Ag component at the catalyst surface and led to
the oxidation of part of the Mn'* species to Mn't, resulting in an increase of amounts of the
reducible Mn"" species and a decrease of their reduction temperature. On the other hand, this
interaction led also to enhancement of adsorption ability of the catalyst toward Oz at rela
tively low temperature. High activity of the Ag-modified Lao.6Sro.4sM nOs3 catalyst for CH4 and
CH30H complete oxidation was closely related to high redox-activity of the catalyst and its

prominent adsorption-activation ability to Oz at relatively low temperatures.

Keywords: Ao, Ag/LasSwaMnOs, Perovskite oxide-based catalyst, CHs, CH3;OH,

Complete oxidation
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