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Complete Catalytic Oxidation of Ethanol over MnO, with
Different Crystal Phase Structures

ZHANG Jie ZHANG Jiang-Hao ZHANG Chang-Bin HE Hong’

(State Key Joint Laboratory of Environmental Simulation and Pollution Control, Center for Air Pollution Control Technology,
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, P. R. China)

Abstract: a-MnO,, 8-MnO., y-MnO., and 6-MnO, catalysts were synthesized by hydrothermal methods, and
their catalytic performances towards the oxidation of ethanol were evaluated in detail. The as-synthesized MnO,
catalysts were characterized by N, adsorption-desorption measurements, X-ray diffraction (XRD), X-ray
photoelectron spectroscopy (XPS), and H. temperature-programmed reduction (H.-TPR). The a-MnQ; catalyst
showed the best activity of the catalysts tested for the combustion of ethanol and the trend in the activity of
different MnO, catalysts towards the oxidation of ethanol was of the order a-MnQO,>6-MnO.>y-MnO,>B-MnO..
The effect of the crystal phase structure on the activity of the MnO, catalysts was investigated. The XRD results
showed that there were differences in the crystallinities of the a-, 8-, y-, 8-MnO. catalysts, but these differences
did not have a significant effect on their catalytic performances towards the oxidation of ethanol. The BET
surface areas of the a-, 8-, y-, 5-MnO, catalysts exhibited similar tendencies to their ethanol oxidation activities,
although the results of standardization calculations showed that the surface area was not the main factor
affecting their catalytical activities. The XPS results showed that the lattice oxygen concentration played an
important role in defining the catalytic performance of the MnO.. The a-MnO. catalyst showed the best
reducibility of all of the MnO, catalysts tested, as determined by H,-TPR. The excellent performance of a-MnO,
was attributed to its higher lattice oxygen concentration and reducibility, which were identified as the main factors
affecting the activity of the MnO, towards the complete oxidation of ethanol.
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Fig.1 Ethanol conversion (A), acetaldehyde yield (B), and
CO, yield (C) of MnO:, catalysts with different phase
structures during ethanol oxidation reaction
reaction conditions: 800x10~° (volume fraction, ¢) ethanol, 20%( ¢) O,
N as balance gas; gaseous hourly space velocity (GHSV): 36000 h™'
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Table 1 Physical properties of MnQO; catalysts
with different phase structures

Catalyst Swer/(m’*g™") D,/nm VJ/(em™+g™)
a-MnQO, 110.3 16.2 0.44
S-MnO, 237 119 0.12
7-MnO, 84.5 14.4 0.28
0-MnO, 103.8 15.2 0.39

Swer: specific surface area, Dy: average pore diameter,

Ve: total pore volume
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Table 2 T, Tw, and specific rate of ethanol oxidation over the MnO; catalysts

Catalytic activity

Rate

Catalyst Ethanol conversion/% - Specific rate/(umol*m™ +min™)
Ts/°C To/°C (umol-min™")

a-MnO, 86.3 107.5 93.8 3.35 0.0304

£-MnO, 117.1 136.0 3.5 0.13 0.0053

7-MnO, 127.5 146.6 15.2 0.54 0.0064

0-MnO, 146.6 165.7 35.5 1.26 0.0121

reaction conditions: 800x107° (¢) ethanol, 20%( ¢) O., N; as balance gas, GHSV: 36000 h™', =110 °C; T% and T+« denote reaction temperatures
corresponding to 50% and 90% of ethanol conversions, respectively.
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Fig.3 H.-TPR profiles of MnO; catalysts
(a) a-MnO,, (b) f-MnO,, (c) y-MnO,, (d) 5-MnO,
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T HE A MnO,, Kt a-MnO, f#E 46 7] - S8 W0 Fh
I B A 25 L RTIR, AN [ i AL MnO, #4751 4
YA Bl 1 ML 2 25 B IR JF N a-MnO,>6-MnO,>
»-MnO,>A-MnO..
3.4 TESRE MnO LTI XPS 5517

P 4 F1 B 5 A ] A MnO, i 46 71 Mn 2p il
O 1s 1 XPS Klit, [ Peakfit B AEX O 1s itk 34T T

Signal intensity

660 655 650 645 640 635
Binding energy/eV

El4 MnO. {55 Mn 2p B XPS

Fig.4 Mn 2p XPS spectra of MnO, catalysts
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Fig.5 O 1s XPS spectra of MnO, catalysts
(a) a-MnO,, (b) f-MnO,, (c) y-MnO,, (d) 5-MnO,
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Table 3 Binding energies (E,) of surface elements and lattice oxygen molar ratios of O,/(0.+0.,+0O;) over the MnO; catalysts

Catalyst 5O ls)/eV ((0)/(n(0.)+1(0, ) +n(0y) E(Mn 2p)/eV

0. O, Oy ‘ Mn 2p,» Mn 2p:s
@-MnO, 532.8 5314 529.7 78.7% 653.7 642.1
£-MnO, 5324 531.0 5293 69.5% 653.7 642.1
4-MnO, 532.7 5313 529.6 70.5% 653.7 642.1
5-MnO, 532.7 5313 529.6 75.5% 653.7 642.1

A, HHE T E P 0. 0.1 O, 1) BE IR Lo, &5
TR 3. NE 4T LUE H, o-f-+p-+5-MnO. fi
A5 Mn 2pys FEAEUE IR 45 & BRER A T 642.1 eV /2
A, 32 B DY Fh i B MnO, 4 6 R FEN M) A
[F] & 2 MinO, A4 75112 [T Min (A7 25 A [F).

5 1, 2305 O 1s 43I RE, nG AR o
N=FEARL: 0,010, 455 REN T 529.3-529.7
eV HIE W O,)H & T MnO, [ i A% 28(0); S5 & ft
£+ 531.0-531.4 eV EMF O, VA& T MnO, ]
KA (W O OH . COF %%); 45 & A fir T 532.4-
532.8 eV /i 47 FIE W O3 & T MnO, W B 11 7K 43
T2 K3 EA, o=+ f-p- O-MnO, HEAL 71 b k& 48
& O/(0.+ O, +0y) B FE /K LB K IR A 78.7% «
69.5%+70.5%75.5%, E3iX PUF MnO, fi {455+, B-
MnO; FJ &k o A B S i (1) B A8 A, o-MinO,
(1 A% S0 B B o e, e A EURE R B 2 U A o
MnO,>5-MnO,>y-MnO,>4-MnO,. a-MnO, [f] i ¥ %
W T H T =R R, X5 CEEER AR B
A5 21 135 T AR A W A SRR T — AL IR S 4
FH, y- B-MnO, A0 TR B AL L 2 THT B (1) % A4 ZE A
I, SHA A S TS Ry &, AR
IR A TR A ST T 2R ) S R Y, R A TR TR it it 2
FT 5 M R AL ) () B L IR 2R, Ak AR v A
HE ML R, 78 RV & AL AR, a-
MnO, A6 B A B e 1) A s R B R A e
RSP E TR R —.

4 &

ARSC R KA B 46 T B AN R A B A5
[1)a-MnO,- f-MnO, . y-MnO, . 6-MnO, {5, %81
BE 2R MO, 1 40 77 44 58 4 B AL L BE M RE, JE5T
EALFIBEAT T R BRI, 45 £, MnO, 4L
pn PR G5 R0 HE S AV Y B B 252005 a-MinO,
AL B A AL IR IR L RE R AL VR RE, LRE 5 &
AR FE SN 120 °C, FETE 140 °C o ZBE 52 & A A&

B AR, B-MnO, AL S 1 B 72, 0% 56 48
SRR BE Wik 220 °C; R EURAE AL 57 0 HE 3% i
BSOS E, 7T LA AN [ i 2 F) MinO, fiE A6 711 4
b 3R T AR B W23 1 S M AN K. R A5 103 17 = 2
52 dm i S B LR BN I .
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