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Preparation by Hydrothermal Method and Property of Catalytic Oxidation
of Gaseous Chlorobenzene for Metal Ion Doped MnO,

LUO Han-Yu HU Li-Yang WANG Kai-Ying CHEN Yuan-Ting ZHANG Ting-Ting*
(College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The 6-MnO, catalysts doped with different metal ions M"* (M*=Co*, Cu*, Fe*, Al**, Ce*) were prepared
by hydrothermal method, which was referred to as MMn for catalytic oxidation of chlorobenzene. The catalysts
were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), N, absorption-desorption, X-ray photoelectron spectroscopy (XPS) and temperature-programmed
reduction (H,-TPR). The results showed that the catalytic efficiency of chlorobenzene under the same reaction
conditions was: AIMn > FeMn > CeMn > CuMn > 6-MnO, > CoMn. The higher specific surface area, the lower
reducible temperature and more surface active oxygen O, of Al-doped 6-MnQO, catalyst are important factors for

higher catalytic activity.
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Fig.1 Catalytic performance of 6-MnO, catalysts obtained
with different doping ions
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Fig.2 XRD patterns of 6-MnO, catalysts obtained with

different doping ions
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Table 1 Radius of doped metal ions

Doped metal ion lonic radius / nm

Mn* 0.053
Mn?* 0.062
AP 0.053
Co™ 0.065
Fe* 0.055
Ce* 0.102
Cu™ 0.073

MK TN Ce¥ B T Ia, AEAEAL
CeMn 19 XRD 45 2] CeO, Al a-MnO, I HF#1E
W TE CeO, (111)#H a-MnO, (310) fh A% T, X 5 £
TEUE 20=29.0°4b , K A4 52 3 H 22 4k | [7] Chen!™ T i
15 B HEAL B RN DTTE 1Y 3Mn0,-1Ce0, —HF BT
CeO, Fl MnO, MR ZUAH EAEH |, BEBH Cet It AR ik A
e BE A 0 T 5 A A ST TG R A 2R DI UL 67
Ce* NABIE NS EAL Y S5 H0 25 T, AT RE T
CeM B F2PARE AR, MM Y 7K AR B i A AP
Cu®J, B XRD BT LA, IF AR K 2] 6-MnO,
(001),(002) . (111) F1(005) s T 45 AiF 0 | 38 B CuMn
AlMn FERTE B MnO, 4 AP LAY A SO T
AP Cu® B RN Rt A2 2302 M AE
FH 3 AT SRS 48 TR i B 23 R A 1Y
BTFRANZERMHEARFMB RS, R K
XRD Y A S5 #4434, o] LA I 45 2R [R] 42 18 2%
EARIRM & R BB anE 3 s,



416 /TR | R A= = - %535 %

TAVAVAVTAVAVAN
... ..
TAVAVAVAVAVAY
®e® o0

TAVAVAVAV AN | U AVTA
Cu C

P

.. .. A3 Ces‘
<=l

hexagonal bimessite

K3 &JmesTHBAA §-MnO, i &R K
Fig.3 Schematic diagram of metal ions doping into §-MnO,

23 EUMRARERST A0 9 180 3R 8 Q KN : Qs> Qs> Qo>

4 (a) M f# 1t 5 CuMn AIMn CoMn FeMn . Qs:3100,>Qcormn» (1] iy PR RE R U B AL R L2
CeMn 5-MnO, FJ N, W i - JBL BF S 3R 2 . A IETRT D oo g g o 22 (9 1A T [l 48 R i A F T 38 K
AlMn (8L (V) B K AEARRE FE F7 0 0.5 B IRT8 g A | 0 gl 2 A A Tk e e
WP, DU AIMn B PARALE R A 0 g b s BB 09 VOCs B, A0 B FLBR AR (X

600

N w P W
(=3 [=3 (=3 (=3
=3 S S =4
T T T T

Volume absorption / (cm*g™)

—_

(=3

(=3
T

AlMn

CuMn
02 08
0.1} 04
00 00k
3f
0.03

5-MnO, FeMn

AVIAD / (g -nm)
s e B

8 = B
L}
{
4VIAD / (g -nm)

ok
0.002 | 0.002 8
CoMn
CeMn

0.001 4

0.0000

10 20 30 40 50 60 70 0 5 10 15 20 25 30 35
Pore diameter / nm Pore diameter / nm

(®)
B4 AT B T 48 44 UM 8-MnO, 15 2 AL 0 (14 ()N, 15 B~ JI56 B 25 8 26 11 (b) FL AR 23 A 5]
Fig.4 (a) N, adsorption-desorption isothermal curves and (b) pore size distribution of 6-MnO,

catalysts obtained with different doping ions



%3

TR 45 . W B T K Bk B A 5-MnO, B LA Ak 4 1L A fE 417

AE IR B & 4R B AR5 Je 0, 38 v DL B o3 - 806 A7 R
O, TEHEALBEBE 1T 2 | BB BE 2 19 0, #% 1k Ak
TEPEAL P SR AR AR B L BRI b 0] i 2R
R AL ROR AR 5

2 2 G T AR R Y b T AR L 4 R Y B
W, AT LA A5 AIMn A9 EL 328 T8 B (S B2 K
(540 m>-g™), J& 8-MnO, 19 5.4 5 Wi fE 1L 7] CoMn 1)
e AR g/ 4 AL AR B L 2 TR — i

/NT 200 m?- gt P AR A B A AR AIMn 3
TG LR AR X AT BB B TR R A
AP I 4y fLAR S A B T 4 FEk 2 vl LUE
AR AIMn 9 FLAR (D) 3 225 #i 7E 2~6 nm,
] CoMn BYFLAR B4 AT TE 38~65 nm , 75 1L 7
AIFLAR RN D gy, = D 310, <Dresin <D eenin< Dy < Do
AT AP AL T 25 A S e T TR 10 3 A o
Z MEALTE B

®2 TEEEBEFIBHENS6-MnO, L RER FLERMALE

Table 2 Specific surface area, pore volume and pore diameter of 6-MnO, catalysts obtained with different doping ions

Sample Spr / (- g™ Vi ! (g™ D/ nm

8-MnO, 101 0.26 3.43

AlMn 540 0.75 345

CoMn 11 0.05 38.39

CuMn 139 0.49 10.12

CeMn 101 0.28 6.53

FeMn 103 0.49 5.33
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Fig.8 Contrast XPS spectra of active components for fresh and aged catalysts
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Table 3 Binding energy position and relative ratio of catalysis (fresh and aged) surface

active components Mn2p obtained from XPS characterization

Binding energy / eV

Catalytic materials

Content of Mn* in Mn2p / %

Mn* Mn*
6-MnO, (fresh) 641.4/653.0 643.5 82.7
6-MnO, (aged) 641.6/653.2 644.3 84.4
AlMn (fresh) 641.7/653.1 644.8/655.7 76.9
AlMn (aged) 641.7/653.3 645.3 85.9
FeMn (fresh) 641.8/653.5 644.3/655.8 71.4
FeMn (aged) 641.5/652.9 644.4/655.7 76.6
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Table 4 Binding energy position and relative ratio of catalysis (fresh and aged) surface

active components Ols obtained from XPS characterization

Binding energy / eV

Catalytic materials

Content of O, in Ols / %

0. Oux O
5-MnO, (fresh) 5316 533.0 529.0 17.8
5-MnO, (aged) 531.9 5333 529.2 37.8
AlMn (fresh) 531.9 5333 529.5 45.8
AlMn (aged) 531.7 533.1 529.5 40.4
FeMn (fresh) 531.7 5333 529.2 44.0
FeMn (aged) 531.6 533.0 529.2 313
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