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Catalytic Oxidation of CO by CeO; Supported Co and Mn Rod-like Composites
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Abstract: The transition metals (i.e., Co, Mn) supported rod-like CeO, nanomaterials with different proportions were prepared by an
one-step hydrothermal method. The influence of transition metals (Co, Mn) content on the crystal lattice constant, element content of
different valence states of the catalyst, specific surface area and CO catalytic oxidation performance were characterized by X-ray
diffraction, scanning electron microscopy, transmission electron microscopy, Raman spectroscopy, X-ray photoelectron microscopy,
specific surface area analysis, Hy-temperature programmed reduction and CO-temperature programmed desorption, respectively. In
addition, compared to pure CeO,, CeO, nanorods supported Co or Mn show a greater catalytic activity for CO at a low temperature.
The temperature range of Co—CeO, with catalytic oxidation CO of 50% (T’sg;) is 97-133 °C, and that of Mn—CeO, is 107-195 C.
Co—CeO, and Mn—CeO, with 40% (in mole fraction) of Co or Mn show the optimum catalytic performance, and the Tsq, of 40%
Co—CeO, is 97 C and 40% Mn—CeO, is 107 ‘C, respectively. The introduction of transition metal (Co, Mn) enhances the
synergistic effect on the catalyst surface and produced more active oxygen, thus effectively enhancing the catalytic oxidation
performance of the nanomaterials.
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Table 1 Grain size and lattice constant of CeO, supported
Co and Mn composites

Sample Grain size/nm Lattice constant/nm
CeO, 13.6 0.541
5% Co—CeO, 13.2 0.541
10% Co—CeO, 12.7 0.540
40% Co—CeO, 12.2 0.539
5% Mn—CeO, 11.6 0.540
10% Mn—CeO, 11.8 0.540
40% Mn—CeO, 10.3 0.539

CeOy AL SLTTEERE) itk i K (a) FH B T )
(d)F] LAl T Bragg J5 RE AN ST [ B A s H A 21

2dsin@ =ni (3)

a

oo I+ i+ 1 @
X 0 ASBIATHII M. BN Cov Mn JE72F
7/NT Ce JRTFH4%, 24 Co 5 Mn A F] CeO, i
IR CeO, MMtk AR, HEAAMEHAF%
WER N FAN, AR 1 R REIEIEE 40%
Co—CeO, fil 40% Mn—CeO, IATHTIE 5 hRuEE: X
ATLUR I, CeO, BT FTXT N A BN 28.554°1)
g 2517 S At [ DR A FEE 7 TR %, R AR I G IR
K& Co B¢ Mn 7 EHFIAEAL A B XS T 24648 CeO,
b BN . Co B Mn (5] N T3 CeO, g &
A, X & Co B Mn 8 A\ 2| CeO, duts T —
HIEHEYE . ICP-OES 72 [f] 40% Co—CeO, H' Co/Ce
(K S2BR & &N 35.1%, 40% Mn—CeO, H' Mn/Ce [1]5E2
bRl 34.3%, SHISEMIE.
2.2 SEM #k

I SEM 7B K #k il £ () 40% Co—CeO, il
40% Mn—CeO, IR M, 45 RuwE 2 Fix. ME
2a FIE 2b I ., 40% Co—CeO, fl 40% Mn—CeO,

) E B BARBUNM R IR S5 A AN/ B ROk 41
Jlo —HERRIRGURA B K ZAE 500 nm 247

(a) 40% Co—CeO,

(b) 40% Mn—CeO,
2 40% Co—CeO, Fil 40% Mn—CeO, ] SEM & v
Fig.2 SEM images of 40% Co—CeO, and 40% Mn—CeO,

2.3 TEM %7

FIF TEM £1 HRTEM X 7K #0321 4% ) 4l 4
Ce0,. 40% Co—CeO, Fl1 40% Mn—CeO, 4HKH1 K}
TESAARE 4O S5 1 AT W% . 4] 3a AT 3b fir
IR, AAH CeO, MBI AN 5 I ISR T AN J7 T ks
PR EIRFS, KNI, RETZR B B0k &
MHEEEA 0311 nm, 5 CeO, (111 ) [A] BEAH X o
575 T UKL I it T 8] 2R 0.268 nm, 5 CeO, 11(200)
T 1) T 1) B A 6 B . 40% Co—CeO, ) TEM Al
HRTEM [ F #if& 3c~& 3f fi. 18 3c~F 3f af
W, 40% Co—CeOp AY KA RFNFRIR VRS -
FH ] 3e T DL, —4EFRIR S5 R 1) it T (8] ¥4 0.312 nm,
Xt R CeO, (111)TH ) S Al BRI . pi P 3 7] AL,
Je R AERR A BE AR T (A FEA 0.285 nm 5
Co304 MI(220)H X Mo & 3g A 40% Mn—-CeO, [



49 B 10 ] g fE . CeO, fi#k Co B Mn BN E &4 BN CO 1L E L

(a) TEM image of pure CeO,

(c) TEM image of 40% Co—CeO,

(f) HRTEM image of 40% Co—CeO,

(g) TEM image of 40% Mn—CeO, (h) HRTEM image of 40% Mn—CeO,

K3 4t CeO,, 40% Co—CeO,, 40% Mn—CeO, [] TEM H& J
Fig. 3 TEM images of pure CeO,, 40% Co-CeO, and 40% Mn—CeO,
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Fig. 5 XPS spectra of 40% Co-CeO, 1 40% Mn-CeO,
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50% Co—CeO, 1 30% Mn—CeO,+ 40% Mn—CeO,. 50%
Mn—CeO, #7370 37.12, 43.63, 28.75,
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%2 Ce", 07,Co™ # Mn™ 7 CeO, f1# Co =X Mn E&# R FHHEMEE
Table 2 Relative amounts of Ce*", O, Co®" and Mn®' in CeO, supported Co and Mn composites
x/%
Sample
[Ce™] [Ce™/ Ce* [0} ] [Co™] [Mn™]
CeO, 17.49 21.20 28.45
30% Co—CeO, 18.0 21.95 29.73 22.16
40% Co—CeO, 19.37 24.02 34.37 34.15
50% Co—CeO, 18.49 22.68 30.89 27.21
30% Mn—-CeO, 17.76 21.60 26.82 72.01
40% Mn—CeO, 19.35 23.99 34.31 76.81
50% Mn—-CeO, 17.91 21.82 33.15 71.20
x is mole fraction.
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- (=] -
S0 £ 29fF § 150l S 2
5] o 15¢ = ] oF
g 5 100~ . L . L g S N R
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Table 3 Specific surface areas and pore diameters of CeO,
supported Co and Mn composites

Sample Surface area/(m*g ") Pore diameter/nm
30% Co—CeO, 37.12 3.40
40% Co—CeO, 43.63 3.40
50% Co—CeO, 28.75 3.39
30% Mn—CeO, 41.13 3.06
40% Mn—CeO, 67.75 27.04
50% Mn—CeO, 41.11 2.95

2.7 SREFHRLEEM,-TPR)SDHT

FIF Ho-TPR X} CeO, 1%k Co 8 Mn & &+ Kl
IR JE AR EEAT T IR, i 7 FoR, 4l CeO,
AR Hy B 50 ILAE 350 CA A4, Maitd
CeO, # Co. Mn BifijG, FEIRJRIEA{KIETT
W%, 3 H I 40% Co—CeO, F1 40%Mn—CeO,
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Fig. 7 Hydrogen temperature programmed reduction (H,-TPR) curves of pure CeO,, CeO, supported Co and Mn composites
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Fig. 8 CO-temperature programmed desorption (CO-TPD) curves of pure CeO,, CeO, supported Co and Mn composites
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(d) CO oxidation activity on various Mn—CeO; catalysts
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Fig. 9 CO conversion rates as a function of the reaction temperature and temperatures of catalytic oxidation CO of 50%(Ts¢.,) for

various Co-CeO, or Mn-CeQO, catalysts
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Fig. 10 CO oxidation mechanism of the obtained CeO,-based
catalysts

R4 FREIMEPNREHIEIXT CO BILENBIIERELLE
Table 4 Comparison of catalytic oxidation CO by different
kinds of nanostructured materials

Material Ts00/C Ti00/ C Reference
40% Mn—Ce—O, 142 248 [16]
Co0304—dimethylamine 160 170 [19]
20% Mn/CeO, 142 200 [20]
12.5% CuCe 123 198 [37]
Mn-Cu—Ce 97 168 [37]
20Mn304—CeO, 103 194 [38]
MnO,—Ce 3Zr9>0> 150 248 [39]
15% Cu—Ce 108 195 [40]
Au/Pd/gC;Ny4 nanofibers 136 144 [41]
40% Co—CeO, 97 150 This work
40% Mn-CeO, 107 160 This work

Tsov is the temperature with catalyst rate of 50%; Tigoy is the temperature
with catalyst rate of 100%.

3 &

K — P K GE & 7 SEA R L] Co F1 Mn
[f] Co—CeO, Fl Mn—CeO, YRR E Akl 54k
A CeO, ML, 913k T Co B Mn FIMEALT kLR
SPERUNES, MR LR TR I, 5 AR
BRI 2, e T LR E. Ak,
TR A B T8 2 B LA R} 2 T (R A 38— AH 4
WA ILE TR AR R T B 3, ST A TR R T
T CeT M —CeM LR, (R T MTHCeT -
MOV +Cet I AL JFT T O, BN T R RER
A1 25 1 18] B AH B0 R4 A 480 25 Ao ke o vk 38
hn, B T MR AL TE T . Co-CeO, Il Mn-CeO,
YUK E A MR AL TE 22 Co B Mn F3R & &1
SR A T 84K, 24 Co/Ce Al Mn/Ce FEE/R EE R 40%

B, HEALAI AL VS M i, 40% Co-CeO, A 40%
Mn-CeO, ¥ CO 4= #BHEAk 58 4 IR FE 43 ) A 150 °C
#1160 °C.
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