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Abstract: The manganese oxide (MnO2) nanosheets supported on cordierite honeycomb ceramic
(CHC) were synthesized via in-situ growing hydrothermal method. The effects of CH3COOH
precursor concentrations on the morphology, crystal structure and toluene purification activity of
MnQO./CHC catalyst were mainly investigated. The results reveded that higher CH3COOH
concentration of 0.8mol/L will obtain more stable a-MnO; crystal phase but less exposed MnO>
active surface area in the MnO2/CHC monolithic catalyst. Moreover, the catalyst prepared from 0.8
mol/L CH3COOH concentration exhibits best toluene purification activity, which indicates that the
MnO: crystal structure should play a more important role in catalytic combustion reaction.

I ntroduction

Volatile organic compounds (VOCs) are the mgor pollutantsin air, which could cause serious harm
on human health and environment. There are many kinds of aternative VOC removal technologies
and each of them has different limitations. Catalytic combustion is considered as on of the most
effective and economical feasible methods to eliminate VOCs emissiong 1]. And high-performance
catalyst isthe key of VOCs catal ytic combustion. Nowadays, non-noble metal catalysts have attcacted
alot of attentions due to its low-cost and good thermal priperties2]. Moreover, the excellent catalytic
property of transition metal oxides catalysts, especialy MnO2[3, 4], have been proved. However, the
MnO. powder catalyst has come disadvantages, such as being easy to lose and high pressure drop,
which limit itsindustrial application for VOCs purification.

Cordierite honeycomb ceramic (CHC) has been widely used as monolithic supportersor carriersin
industry, dueto its outsanding thermal and mechanical durability, low pressure drop, and low cost [5].
In this study, the CHC as monolithic substrate was used to support the active component of MnO. and
prepare the high-performance monolithic catalyst by in-situ growing hydrotherma method. And the
as-prepared catalysts exhibit good for toluene purification.

Experimental

Preparation of catalyst

Acetic acid (CH3COOH) and potassium permanganate (KMnQOs) were used as precursor solution,
which could further grow MnO> nanosheets on the surface of CHC by hydrothermal method. As
shown in Fig. 1, the CHC substrate (24 x 5 x 5 mm) was suspended into 25 mL Teflon-lined
stainless-steel hydrothermal autoclave with precursor solutions of CH3COOH and KMnOs under
100°C. After 12h, the catalyst sample was taken out, washed with DI water and dried at 60°C
overnight. The obtained monolithic catalyst was denoted as MnO,/CHC.

Copyright © 2018, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 1042



£

ATLANTIS . . .
PRESS Advances in Engineering Research, volume 170

‘ KMnOi Hydrothermal method
CH3COOH

Bl cHC
B \vno,
ALLLLEIRLOLL,
Fig. 1 Schematic diagram of in-situ growth of MnO. on CHC substrate via hydrothermal method

Catalytictest

The as-prepared monolithic catalysts were machined to the shape of 5 x 5 x 12mm and placed in an
isothermal fixed-bed continuous-flow reactor with a vertical tubular furnace controlled by a PID
controller. The toluene catalytic combustion reactions were performed using toluene/air mixture gas
(1.0 g/m3toluene in air, 0.1 MPa), at a gas hourly space velocity (GHSV) of 10000 ht. The inlet
feedstocks and outlet products were al analyzed by a gas chromatograph (HP6820, Agilent) with a
flame ionization detector (FID). There were no other by-products, except CO> and H>O, being found
under our experimental condition.

Characterization

The sample structure was analyzed by scanning el ectron microscopy (SEM, Hitachi SU8010) with
energy dispersive spectrometer (EDS) and power X-ray diffraction (XRD, Rigaku Uitimalll Cu Ka).

Results and Discussion

Asshownin Fig. 2a, the surface of pure CHC substrate was smooth. In contrast, from the SEM image
of as-prepared MnO2/CHC catalyst (Fig. 2b), it can be observed that the surface of CHC substrate was
completely covered by other components. Further from the results of elemental analysis for
as-prepared MnO2/CHC catalyst by EDS in Fig. 3a, there were Mn and O elements being detected,
besidesthe Si, Al ang Mg elementsthat are attributed to CHC substrate. The EDS result indicates that
the MnO. active component has been successfully grown on the CHC surface in the MnO2/CHC
catalyst. Moreover, from the high magnification SEM image of the catalyst, in Fig. 2¢, it can befound
that the MnO, component was in the shape of nanosheets on the CHC surface.

The morphology of MnO. nanosheets would be affected by the precursor concentrations of
CH3COOH, as shown in Fig. 2(c-e). While using a low CH3COOH concentration of 0.1mol/L to
prepare MnO,/CHC catalyst, the MnO> nanosheets were upright grown and encircled to a porous
network structure with the pore size of 30-100 nm on the surface of CHC substrate (in Fig. 2¢). When
increasing the CH3COOH concentration to 0.4 mol/L, in the prepared MnO2/CHC catalyst, some
MnO. nanosheets were collapsed and began to agglomerate together (in Fig. 2d). Further increasing
the CH3COOH precursor concentration to 0.8 mol/L, all the MnO, nanosheets in the prepared
MnO,/CHC catalyst were assembled together to change into irregular ball-like structure on the CHC
surface, which results in the decrease of the exposed active surface area of MnO. component.
Meanwhile, the crystal structure change for the MnO./CHC catalysts prepared from different
CH3COOH concentrations was tested by XRD. From Fig. 3b, the sample prepared by low CH3;COOH
concentration had diffraction peaks centered at 20 values of 12.4°, 24.8°, 37.4° and 66.4°, which are
in agreement with the standard cards of 5-MnO. (JCPDS No. 80-1098)[6]. In contrast, the XRD
pattern for the sample prepared from high CH3COOH concentration of 0.8 mol/L was well
correspond to the body-centered tetragonal phase a-MnO. (JCPDS No. 44-0141)[7]. The result
indicates that increasing CH3COOH precursor concentration in beneficial to reorganize 5-MnO>
nanostructure and make the polymorph of MnO- transformed to a more stable crystalline phase of
a-MnO>. Asawhole, the CH3COOH precursor concentration could greatly affect the morphology and
distribution state of MnO, on CHC surface aswell asthe crystal structure of MnO; active component.
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Fig. 2 SEM iag% of (a) pure CHC substrate and (b-€) MnO2/CHC monolithic catalysts prepared
from CH3COOH precursor solution with different concentration of (b, ¢) 0.1 mol/L, (d) 0.4 mol/L and

(e) 0.8 mal/L.
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Fig. 3 (a) Element analysis of as-prepared MnO2/CHC catalyst by EDS; (b) XRD spectra of
MnO./CHC monolithic catalysts prepared from CH3sCOOH precursors with different concentration of
D 0.1 mol/L and @ 0.8 mol/L.

Toluene conversion as a function of reaction temperature on MnO2/CHC monoalithic catalysts
prepared from different CH3COOH precursor concentrations, are shown in Fig. 4. It can be found that
the toluene conversion was 90% at a reaction temperature of 330 °C on the MnO2/CHC catalyst
prepared from 0.1 mol/L CH3COOH precursor solution. While increasing the CH3COOH
concentration to 0.4 mol/L, on the prepared catalyst, the conversion was only 60% at a reaction
temperature of 330 °C. From the SEM results, in Fig. 2c and d, it suggests that the porous network
structure with suitable pore size distribution in the MnO./CHC catalyst prepared from low
CH3COOH concentration of 0.1 mol/L could provide more exposed MnO: active sitesto fully contact
with reactants, so as to increase the catalytic combustion activity. However, for the MnO,/CHC
catalyst prepared from higher CH3COOH precursor concentration of 0.8 mol/L, the toluene
conversion reached 90% at a lower temperature of 270 °C. That is to say, athough the MnO./CHC
catalyst prepared from 0.8 mol/L CH3COOH concentration has lower expose active surface area than
that prepared from 0.1 mol/L CH3COOH concentration (as shown in Fig. 2c and e), it exhibits better
catalytic combustion activity. Considering the XRD result in Fig. 3b, it indicates that the a-MnO>
phase is more active than 6-MnO2 phase for MnO2/CHC monolithic catalyst in toluene combustion
reaction. Moreover, the results also suggest that the MnO- crystal structure in MnO2/CHC catalyst
might play a moreimportant role on toluene combustion activity, compared to the distribution state of
MnO. on CHC surface.
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Fig. 4 Toluene conversion as a function of reaction temperature on MnO./CHC monolithic catalysts
prepared from CH3COOH precursors with different concentrations.

Conclusions

In this work, in-situ growing MnO. nanosheets on CHC were successfully prepared via a facile
hydrothermal method. As can be seen from the result of SEM, EDS and XRD, lower precursor
concentration of CH3COOH will obtain the MnO,/CHC catalyst with more exposed active surface
areas. But higher CH3COOH concentration of 0.8 mol/L will be beneficial to form aa-MnO; crystal
structure but decrease the exposed active surface area. Because the latter catalyst exhibited greater
catalytic property, it indicates that the MnO> crystal structure might play a more important role in
catalytic combustion reaction, compared to the exposed MnO- active surface area.
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