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Fig. 1 The SEM images of (a) CeO,; (b) Cey4Mny,0,; (c) Cey,Mn,;0,;
(d) Ceg3Mn, ;0,5 (e) Cey,Mny 0,5 (f) Cey Mny,0,
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Fig.2 The XRD patterns of (a) CeO, nanosphere; (b) Ce, ¢Mn, ,0,; (¢) Ce,,Mn,;0,;
(d) Cey;Mn, ;0,5 (e) Cey,Mny0,; (f) Cey Mn,,0,
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Fig.3 XPS spectra of (a) CeO, nanosphere and (b) Ce,,Mn, O, mixed oxide nanosphere:
(A) Ce3d; (B) Mn2p; (C) O 1s

% 1 CeO, #1 Ce Mn,_. 0, EGFLHEY XPS #iE
Table 1 XPS results of CeO, and Ce Mn,_ O, samples

Binding energy/eV

Samples 0../0./% Ce’* /Cer/ % Mn**/Mn,/%
O (U
CeO, 529.4 531.3 12.7 11.0 -
Ce, o Mn, , 0, 529.6 531.4 14.8 15.1 13.1
Ce, ,Mng 0, 529.6 531.6 16.3 16.3 12.4
Ce, 5 Mn, 0, 529.7 531.8 20.9 20. 4 24.9
Ce, ,Mn, 4O, 529.7 531.6 24.5 24.9 27.4
Ce,.,Mn, , 0, 529.5 531.1 13.7 14.4 14.5

CeO, il Ce,Mn,_ 0, & AP H,-TPR Ce,Mn,_, 0, Z 5 AW H,-TPR (1 1&1E A P4
TEAEL 4 FroR. il CeO, (9 Hy-TPR AR (B fF5 08 £E 200 ~ 300 °C i [l P A1 R 08 T )5 s
4a) MU, CeO, GKERTE 320 ~600 CHLEZIE  MnO,/Mn, 05 ik JF ) MnyO, 7= /L 1 48 A ;5 7E
[ P9 B ) 5 5 0, 208 R R TR Ak )il 350 ~ 500 °C L B2V [ PN Y i g ) ) e I T
Dh Be Ce™ fi Ml M A5 9 Ce™ a8 P I Mn O, iR JEE B MnO LK CeO, AR
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Fig. 4 The H,-TPR profiles of (a) CeO,;
(b) CeyoMn, ,0,; (c) Cey,Mng 30, ;
(d) CeysMny,0,; (f) Cey,Mn, O,
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Fig. 5 N, adsorption-desorption isotherm of
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il Ce,Mn,_ 0, BA ALY 1 e B IV - B 55 R 2 A
H4-BUHF 1B, 42 IR Prafirs Ak 22 5 0 AL 7 &
22 (IUPAC) WRLAE , FIrifil & 12 & ALY s T 1L
MEE, HAFEHEIE A5 m M de fL. sk 2 Fiow,
CeO, ML RN 81.5 m’/g, BiZ Mn [JIA,
Ce Mn,_, 0, 25 #ALW i) bb 2 AR5 B S 18 iy
BH, 24 Mn/Ce LA 179 HER3 8/2 ), 5%k
VIR HL T AR 88.4 m®/g G K ZE 110.6 m*/g.

R2 CeMn,_, EAELYHNERER

Table 2 The textural properties of Ce Mn,_, mixed oxides

Samples Specific surface area/(m” + g™") Pore volume/ (cm® « g™") Pore size/nm
CeO0, 81.5 0.119 5.87
Ce, oMn, , 0, 88.4 0.116 5.25
Ce, ,Mn, ,0, 89.6 0.136 6.08
Cey 5Mn, ;0, 106.6 0.155 4.89
Cey ,Mn, 4O, 110.6 0.142 5.12
Ce, ;Mn, ,0, 42.1 0.107 8.98

2.2 LTI LD
N TR Ce Mn,_, 0, 5 I REILIE AL,

1E 185 °C, 0.9 MPa O, fI44F N X 4] 4k COD 4

5500 mg/L 1 T RRUEAT IR SA AL, COD &
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Fig. 6 The activities of CeO, and Ce Mn,_, O, mixed
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Fig. 7 Effects of temperature on COD removal by the Ce, ,Mn, ;O, mixed oxide catalyst

(a) acetic acid; (b) butyric acid; (c¢) the mixture of acetic acid and butyric acid
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Fig. 8 The kinetic studies of CWAO of organic aicds

(a) acetic acid; (b) butyric acid; (c¢) the mixture of acetic acid and butyric acid
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= a y=28.211-14.256*x
o b y=44.801-22.18*x
A ¢ y=37.825-19.03%x

Ink

(b) the mixture of acetic acid and butyric acid; (¢) butyric

acid catalyzed by Ce, ,Mn, ;O, mixed oxide
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The Preparation of Ce, Mn,_ O, Mixed Oxides and the
Applications for Catalytic Wet Air Oxidation of High
Concentration Organic Acids

WANG Yan-min''?, YU Chao-ying' , MENG Xu', ZHAO Pei-ging' * ,
CHOU Ling-jun'*, CHEN Ge-xin'
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of
Chemical Physics (LICP), Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; CeO, nanospheres and Ce Mn,_ O, nanospheres were prepared by PVP-assisted hydrothermal method

and characterized by SEM, XPS, XRD, H,-TPR and N, absorption-desorption. The catalytic wet air oxidation

(CWAO) behavior of high concentration organic acids, including acetic acid, butyric acid and the mixture of ace-

tic acid and butyric acid, is tested over the Ce, ,Mn, O, nanosphere, which turns out to be an efficient catalyst for

the activation and degradation of high concentration organic acids. When the reaction operated at 0.9 MPa partial
pressure of O,, 185 °C for 2 h, the chemical oxygen demand (COD) removal can reach up to 89.8% , 99.5% and

99.4% for acetic acid, butyric acid and the mixture of acetic acid and butyric acid, respectively. Noticeably, the

kinetic studies of CWAO for three kinds of organic acids over the Ce, ,Mn, (O, reveal that the degradation of sole

acid is easier than that of mixture acid. In addition, the Ce, ,Mn, O, oxides perform a good reusability during the

cycle experiment even after six cycles.

Key words: mixed oxides; catalytic wet air oxidation; organic acids; nanospheres



