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Nanoporous Carbon Supported MnO, Catalysts for Oxidation
of Benzyl Alcohol
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Abstract: A series of nanoporous carbon (NC) supported MnOy catalysts (MnO,/NC) prepared by conventional wet impregnation were
characterized by X-ray diffraction, X-ray photoelectron spectroscopy, N adsorption-desorption, and H,-temperature programmed reduction.
They were tested as catalysts for the oxidation of benzyl alcohol using air as the oxygen source. The influence of various factors such as Mn
loading, calcination temperature, and reaction conditions on their catalytic performance was investigated. The 10%MnO,/NC catalyst exhib-
its relatively high activity (80.4% conversion of benzyl alcohol after 4 h reaction), which is much higher than that of the catalyst prepared
using conventional activated carbon as the support. The excellent catalytic activity of MnO,/NC can be mainly assigned to the formation of
highly dispersed and easily reduced MnOy species on the surface of the NC support.
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Fig. 1. XRD patterns of various carbon supported MnOy catalyst
samples. (1) 5%MnO/NC; (2) 10%MnO,/NC; (3) 15%Mn0O,/NC; (4)
10%MnO,/NC-473; (5) 10%MnO,/NC-673; (6) 10%MnO/AC.

NC—nanoporous carbon; AC—activated carbon. 473 and 673 refer to
calcination temperature (K) of the samples.

Intensity
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Table 1 Textural properties of carbon supports and carbon-supported
MnO, catalysts

Sample Ager/ Volume Pore size?
(m*g) (cm’/g) (nm)
NC 1072 0.91 34
10%MnO,/NC 785 0.64 34
AC 598 0.30 <2.0
10%MnO,/AC 473 0.22 <2.0

Average pore diameter calculated from desorption branch by the BJH
model.
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Fig. 2. XPS spectra of various carbon-supported MnOj catalysts. (1)

5%MnO/NC; (2) 10%MnO,/NC; (3) 15%MnO,/NC; (4) 10%MnO,/
NC-473; (5) 10%MnO,/NC-673; (6) 10%MnO,/AC.
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Fig. 3. Catalytic oxidation of benzyl alcohol over various car-
bon-supported MnO, catalysts. (1) 15%MnQO,/NC; (2) 10%MnO,/NC;
(3) 10%MnO/AC; (4) 5%MnO,/NC; (5) MnO,. Reaction conditions:
353 K, catalyst 0.3 g, benzyl alcohol 1.0 mmol, toluene 10 ml, air
pressure 0.1 MPa.
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Fig. 4. Catalytic oxidation of benzyl alcohol over different catalysts.
(1) 10%Mn0O,/NC-873; (2) 10%MnO/NC-673; (3) 10%MnO,/NC-473.
Reaction conditions: 353 K, catalyst 0.3 g, benzyl alcohol 1.0 mmol,
toluene 10 ml, air pressure 0.1 MPa.
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Fig. 5. Catalytic performance of 10%MnO,/NC catalyst during reac-
tion cycles. Reaction conditions: 353 K, catalyst 0.3 g, benzyl alcohol
1.0 mmol, toluene 10 ml, air pressure 0.1 MPa.
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Fig. 6. Heterogeneous reaction check for 10%MnO/NC. Reaction

conditions: 353 K, catalyst 0.3 g, benzyl alcohol 1.0 mmol, toluene 10
ml, air pressure 0.1 MPa.
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Table 2  Effect of reaction conditions on the catalytic properties of 10%MnO,/NC

Entry T/IK p/MPa n(PhCH,OH)/mmol V(PhCHz)/ml X(PhCH,0OH)/%
1 353 0.1 1 10 97.1
2 353 0.1 3 10 59.1
3 353 0.1 5 10 37.4
4 373 0.1 2 10 59.8
5 353 2.0 50 — 7.6
6 383 2.0 50 — 18.7
7 393 2.0 50 — 29.1
8 413 2.0 50 — 41.1

Reaction conditions: catalyst 0.3 g, air as the oxygen source, 10 h ("catalyst 0.2 g, O, as the oxygen source, 4 h).

(42.5%).
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Fig. 7. H,-TPR profiles of different support and catalyst samples. (1)
AC; (2) NC; (3) 10%MnO/AC; (4) 10%MnO,/NC.
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