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Fig.1 XRD patterns of CuCo,0, spinel oxides prepared by

different methods

22 tbREFRFNFLEE

il A A AL TURE S EA T T USRI, LA
PAFH R, LA LRSS MR LTI,
JRCHR IR T2 [T 52 7 1k PR 22 7K R o 45 A ) 4 2
A AR LR TR R 0.8, 3.6 Al 2.1 m® - ¢,
FLAMKIH 0.001, 0.007 F10.004 cm® - g™, AL AL

F1 ARG EFIENEEERRAENI IR
Table 1 Physical properties of CuCo,0, spinel oxides prepared by different methods

Catalysts Specific surface area/(m’+g™") Specific pore volume/(cm®+g™") Average pore size/nm
SG 0.8 0.001 43
SS 3.6 0.007 7.2
HT 2.1 0.004 8.4
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Fig.2 SEM images of CuCo,0, spinel oxides prepared by (a) SG; (b) SS; (¢) HT
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Fig.3 H,-TPR patterns of CuCo,0, catalysts prepared by

different methods
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Table 2 The surface compositions of CuCo,O, spinel oxides obtained by XPS analysis

Atomic concentration and atomic ratio by XPS

Catalysts Atomic concentration /% Atomic ratio /%
C Co Cu 0 Co™/(Co™+ Co™) 1% 0,,/(0,,.+0,,)/%
SG 29.5 9.8 10.6 50.1 28.4 28.7
SS 414 11.9 7.4 393 345 38.1
HT 37.9 135 6.5 42.1 36.4 39.8
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Fig.4 XPS spectra of CuCo,0, spinel oxides prepared by different methods
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Fig.6 Soot conversion over CuCo,0, spinel oxides prepared by different methods

(a) 10%0,; (b)0.1% NO + 10% O,
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Table 3 Ty, Tsp, Toy and Sy, of soot oxidation over CuCo,0, spinel oxides prepared by different methods
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Fig.8 Soot oxidation over HT catalyst from cycle tests and XRD patterns of fresh, used catalysts
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Table 4 Summary of the catalytic performances reported over spinel oxides for soot oxidation
Catalysts Preparation method Reaction conditions Tsy/ C Ref.
Microwave assisted Loose contact mode; catalyst: soot =9 : 1;
ZnAL0, . 630 [47]
solvothermal 0.05% NO, + 5% O, balanced with N,; GHSV =30 000 h-
580
ACo,0, (A = Co, Loose contact mode; catalyst: soot =9 @ 1; 10% 0O, balanced 585
Citric acid complex method [48 ]
Ni, Cu, Zn) with N, ; TFR = 300 mL/min 574
569
CoAlLO, Microwave assisted Loose contact mode; catalyst: soot =4 : 1; 0.05% NO, + 5% 0, 510 [49]
7ZnAl, 0, glycothermal balanced with N,; GHSV =30 000 h™' 570
Loose contact mode; catalyst: soot = 10 : 1; 0.25% NO, + 10%
CoAl,O, Wet ball milling ! 411 [50]
0, balanced with N,; GHSV = 150 000 h™
CoCr,0, Loose contact mode; catalyst: soot = 10 : 1;0.10% NO + 10% 396
Solution combustion
MnCr,0, 0, balanced with He ; 427 [51]
synthesis s
CoFe,0, WHSV =27.1 m"/(kg*s) 446
Loose contact mode; catalyst: soot = 10 : 1; 0.25% NO + 5% O,
Co;0, nanocrystals Modified hydrothermal route . 422 /min [ 31]
balanced with N,; GHSV = 11 300 h™
CuFe,0, Nanocasting Tight contact mode; catalyst: soot =19 : 1; NO, +0, 338 [37]
420
MCr,0, (M = Co, Loose contact mode; catalyst: soot = 10 : 1;0.25% NO + 5% O, 427
Colloidal crystal template | [52]
Ni, Zn, Mn) balanced with N,; GHSV = 6760 h™ 453
459
M,Co;_O,(M=Zn Carboxy-modified colloidal Loose contact mode; catalyst: soot = 10 : 1; 0.10% NO + 5% O,
. 379 /min [ 53]
and Ni) crystal template balanced with N,; GHSV =60 000 h™
414
CuCod Hydrothermal, solid-state  Loose contact mode; catalyst: soot =9 : 1;0.10% NO + 10% O, This
“uCo
o reaction, sol-gel balanced with N,; GHSV =27 000 h™' study

527
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Fig.9 Potential reaction pathway of the CuCo,0, spinel oxides

for soot combustion
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Ni, Zn, Mn) catalysts with highly enhanced catalytic

Effect of Preparation Method on the Catalytic Performance of
CuCo,0, Spinel Oxides for Diesel Soot Oxidation

ZHANG Fei, ZHU Xin-bo*, LIU Jin, DU Jia-li, WU Han-peng, CHEN Geng
( Faculty of Maritime and Transportation, Ningbo University, Ningbo 315211, China )

Abstract: A series of CuCo,0, spinel oxides were synthesized with three different routes, sol-gel(SG), solid state
(SS) and hydrothermal (HT) methods with the aim of studying catalyst preparation method effect on soot oxidation
under loose contact condition. The catalyst characterizations of XRD, SEM, BET, XPS and H,-TPR were performed.
The results showed that the synthesis method had great effect on the soot oxidation performance of the copper—
cobalt spinel oxides. The order of catalytic activity was HT >SS >SG. Among the prepared catalysts, the HT catalyst
showed the best catalytic performance for soot oxidation with the lowest soot oxidation temperature (T, = 349 °C,
Ty, =414 °C, Ty, = 485 °C ) under 0.1% NO + 10% O,/N, atmosphere. Results further showed that the HT exhibited
the morphology of tiny flake structure with spherical particles, which improved the contact with soot. In addition,
hydrothermal promoted more active Co™" species exposed on the surface, larger amount of active adsorbed oxygen
species and better redox properties, which resulted in the best catalytic oxidation performance for diesel soot.

Key words: preparation method; copper-cobalt spinel; soot; catalysis; active oxygen species



