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Catalytic combustion of VOCs by integral Mn-based mixed metal oxide
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Abstract: Mn-M/Cord ( M = Co. Ce. Lav Cu. Ni) mixed oxide catalysts were prepared by
impregnation method with cordierite as a carrier to investigate the performance of the catalytic
combustion of toluene. The catalyst were characterized by scanning electron microscopy ( SEM)
X—ay diffraction ( XRD) and hydrogen temperature programmed reduction ( H,-TPR) .The results
showed that interaction existed between MnO, and CoO, and MnCo catalyst had the best catalytic
activity for toluene oxidation. T, and Ty, were 243 °C and 259 °C  respectively. When the Mn :Co=
2:3 riatio was varied it was found that Mn,Co, catalyst had the highest catalytic activity for toluene
and ethyl acetate and Ty, was 252 °C and 238 °C  respectively.
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1 ( Experimental section)
1.1
1.1.1
( @15 mmx50 mm) 30 min 110 C 10 h.
1.1.2
Mn( NO;) , Co( NO,) »6H,0 Ce( NO,) »6H,0 La( NO,) ,»6H,0
Cu( NO,) »#3H,0 Ni( NO,) »6H,0 1.0 mol-L™
30 min
110 C 10h 500 C 5 h. 1 Mn-M
MnCo MnCe MnlLa MnCu MnNi.
1.2
Scanning Electron Microscope( SEM) PhilipsFEI Tecnai G2 F30 S-Twin
15.0 kV.
XRD P ANalytical X pert PRO X . Ni
Cu Ka (A=0.1541nm) 40 kV 40 mA
10°—80° 0.02°.
H,-TPR FINESORB-3010E . 0.1 g CuO
. Ar 200 C 2 h 50 C 5% H,/Ar
50 °C 60 min 10 Cemin”’ 900 C Ar
30 mLemin™". (TCD) TCD 60 °C TCD 60 mA.
CoO, MKS Cirrus2
KQ5200E ( )
. +40 khz 30 min
110 C N . (1 Aw:
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1.3
( 1) 20 mm.

0C



7 : Mn VOCs 1585

( DO7-7) .
8214 mg'm_3 5000 h™'. GC1620 FID
Lo, . Sk
HAIE2 Saturator | Gas chromatograph
; VKK ¥ Tee water 35:-5':153 o |
=G —Lz" %gogl {2
Gasjzyﬁ‘nder(air) »
1 VOCs
Fig.1  Apparatus for the catalytic combustion of VOCs

2 ( Results and discussion)

2.1 Mn-M/Cord( M=Co.Ce-La.Cu.Ni)
2.1.1 SEM
2 MnCo SEM 2a  2b
1—5 pm

2c

It
1.00 um

15.0kV 10.7 mm X10.0k SE(M) 1.00 pm

5.00 um 15.0kV 10.8 mm X30.0k SE(M)
2 MnCo SEM
(a b. 500 C ;¢ d. MnCo )

Fig.2 SEM images of cordierite and MnCo catalyst
(‘a b. cordierite calcined at 500 C; ¢ d. MnCo catalyst)
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2.1.2 XRD
XRD 3 .MnCo
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2.1.3 H,TIPR
redox
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; ¥ 72(* o Y — g MnCu
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XRD H,-TPR
Fig.3 XRD patterns of Mn-#/Cord Fig.4 H,-TPR curves of Mn-M/Cord
(M=Co-Ce-La.Cu.Ni) catalyst (M=Co Ce La Cu Ni) catalyst
2.1.4 r
5 Mn-M/Cord( M =Co-Ce+La+Cu.Ni) 100__
5 sof
§
MnCo é 60 1
T, Ty, 243 C 259 C % I —a&— MnCo
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SEM MnCo ]
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MnCo | Fig.5 Light-off curves of toluene combustion over Mn-M/
1% Cord catalyst ( toluene=8214 mg*m™;

GHSV = 5000 h™")
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2.2 MnCo
2.2.1
Mn/Co MnCo 6
Mn Co Ty, Mn
Mn :Co=1:4 Ty, Mn,Co, 26 °C. Mn, Co,
Mn :Co=2:3 Ty,
252 C 238 C. MnCo
1 Mn-M/Cord( M=Co.Ce.La.Cu.Ni) N NN
Table 1 Elements ratio total loading capacity Ts, T4, and loss rate for Mn-M/Cord samples
A . . Ty C Too/C
Samples ( molar ratio) Total Loading Capacity /% Loss Rate/%
MnCo 3:2 2.96 243 259 0.466
MnCe 3:2 4.50 252 420 0.256
MnLa 1:1 4.72 332 360 0.583
MnCu 6:1 2.62 262 294 0.547
MnNi 1:1 3.11 272 296 0.199
—a— Mn,Co, —e— Mn;Co, —h— Mn,Cos —v— Mn,Co,
(@ b
100 |- 100~
, L
S 80 ,!\% 80
g g
5 60 2 60
z 8
s g |
2 40t g 40
2 g |
(=] —_—
T ooop £ 20f
m
of oF
| 1 [ 1 | 1 1 1 | L 1 | 1 i 1 ! [ ! 1 ! 1 L 1 |
180 200 220 240 260 280 180 200 220 240 260 280
Temperature/C Temperature/C
6 MnCo
(a. i b. )
Fig.6 Light-off curves of toluene and ethyl acetate combustion over different MnCo proportional catalyst
(a. toluene; b. ethyl acetate) ( toluene=8214 mg*m™; ethyl acetate=8214 mgem™; GHSV= 5000 h™')
2.2.2 XRD
XRD 7 Mn/Co
18.3°.29.3°.36.5°.50.7°.54.5° ( Co Mn) ( Co Mn) ,0,
'® MnCo . Co Mn
MnCo . Mn :Co=2:3
Mn, Co,
2.2.3 H,TPR
H,-TPR 8 MnCo
3 450 C MnO, /Mn, 0, Mn,0, Co;0, CoO
500 C Mn,0, MnO  CoO Co®”. Mn:Co=2:3  Mn,Co,
6 Mn, Co,

Mn :Co=2:3 Mn Co -
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Fig.9 Toluene and ethyl acetate combustion over MnCo catalyst different Mn :Co ratios after calcined at 800 °C

(a. toluene; b. ethyl acetate) ( toluene=8214 mgem™; ethyl acetate=8214 mg*m™; GHSV=5000 h™')

225 CO,
Co,
Co,

16 min

Mn,CO,

Co,
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280 C
CO,
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COo, H,0. (a) (b)

17

Mn, Co,
10( a)
CO, 1 min
0 CO, H,O. 10( b)
min 260 C
Mn,CO,
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Fig.10 The CO, selectivity of toluene and ethyl acetate over Mn, Co; catalyst

(a.toluene T=280 °C; b. ethyl acetate T=260 °C; toluene=8214 mgem™>; ethyl acetate=8214 mgem™>; GHSV=5000 h™')

2.2.6
280 C
Mn, Co, 50 h . 11
99%
100 |- .
s
%
g 90
2 sl
2
70 | | | | | | | | \ |
0 10 20 30 40 50
t/h
11 280 °C  Mn,Co,
Fig.11 Stability test of Mn,Co, catalyst for toluene conversion at 280 °C
(T=280 C toluene=8214 mg*m™; GHSV= 5000 h™')
3 ( Conclusion)
(1 Mn-M/Cord( M=Co~Ce-La.Cu-Ni) MnCo
Ty, Ty 243 € 259 C : MnCo>MnCu>MnNi> MnLa>MnCe.
XRD MnCo (Co Mn) ( Co Mn) ,0, H,-TPR MnCo
1%
(2) MnCo Mn Co Mn :Co=2:3 Mn, Co,
800 C
Mn, Co,
(3) Mn,CO, Co,

280 C 260 C co,
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