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Editor’s comments Formaidehyde (HCHO) emit-
ted from chemical manufacturing plants including
methanol-gasoline/ diesel fuel vehicles and the con-
struction and decoration materials is one of the major
air poliutions, which induces photochemical pollu-
tion and hazards human health. Great efforts have
been made for the reduction or control of the emis-
sion of HCHO to satisfy the stringent environmental
regulations. Now, a new study supported by the
National Natural Science Foundation of China reports
mesoporous manganese oxide with novel nanostruc-
tures for the decomposition of HCHO. The obtained
manganese oxide nanomaterials showed high cata-
Iytic activities for oxidative decomposition of HCHO
at low temperatures. Complete conversion of HCHO
to CO, and H,O were achieved, and no harmful by-
products were detected in effluent gases. The cata-
lytic activities of these nanomaterials are significant-
ly higher than those of previously reported manga-
nese oxide octahedral molecular sieve ( OMS-2)
nanorods , MnO, powders, and alumnina-supported
mangnaese-palladium oxide catalysts. These re-
sults provide a new route for the removal of HCHO
and other air pollutions.
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The indoor environment plays an important
role in human health, because people generally
spend more than 80% of their time in indoors,
which contributes a higher risk from inhalation of
pollutants than outdoors. Formaldehyde (HCHO)
emitted from the construction and decoration mate-
rials is one of the most dominant volatile organic
compounds (VOCs) in the indoor environment.

Previous research indicated that serious health
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problems including nasal tumors, irritation of the
mucous membranes of the eyes and respiratory
tract, and even lethiferous diseases such as nasal
cancer can be caused if people are exposed to an in-
door environment polluted with elevated HCHO
levels for an extended length of time. [17%

Currently effective removal of HCHO is at-
tracting much attention. The catalytic decomposi-
tion of HCHO has been achieved in the tempera-
ture range 90—500°C. Facile decomposition of
HCHO at low temperature, however, is still a
challenge though there are increasing concerns on
HCHO in the indoor environment. Catalytic oxida-
tion is a promising approach as HCHO can be oxi-
dized to CO, over catalysts at lower temperatures
than thermal oxidation. {*3 MnO, powders, MnQO,
octahedral molecular sieve (OMS-2) nanorods, and
alumina-supported manganesepalladium oxides
(Mn-Pd/Al,O;) were used as catalysts for decom-
position of HCHOQO, and the latter two catalysts
showed high activities at low temperatures. %"
Very recently, Sinha A. efal.™ reported that me-
sostructured 2. 8 wt% Au/y-MnO, nanoparticle
composites could be used for extensive air purifica-
tion.

Control over the size, shape, and structure of
inorganic nanomaterials to search for new proper-
ties has become one of the major objectives of
nanoscale science and technology, because of their
structure, size and shape-dependent characteristics
and novel chemical properties. [*'*°} Different MnO,
morphologies have so far been prepared, including
rods, wires, tubes, urchin-like microstructures,
etc. However, few works were reported on nano-
structures of layered MnO,, such as birnessite-
type MnQ, (A, MnQ,, where A=H7" or metal cat-
ion). A,MnO, is a layered structure consisting of

edge-sharing MnQ; octahedra with an interlayer
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spacing of ca. 0. 7 nm.™7 Recently, Our group
prepared novel mesoporous nanospheres of layered
manganese oxide (K, MnQO,) with honeycomb and
hollow nanostuctures via a facile approach at room
temperature, "'* The catalytic activities of these
manganese oxide nanostructures showed a 100%
conversion of HCHO to CO, + H, O at 80C. It
was the first report of catalytic decomposition of
HCHO by mesoporous layered K, MnO, nanomate-

rials at such low temperatures.
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Scheme 1
comb and hollow K .MnO, nanospheres.

Plausible formation mechanism of honey-

We used oleic acid (OA) as reducing agent of
potassium permanganate (KMnQO,). In the reac-
tion system, oleic acid formed a stable O/W emul-
sion (Scheme 1), in which the “Baeyer test for un-
saturation” reactiont' quickly occurred between
KMnQ, and oleic acid at the O/W interface and
produced K, MnQO, nuclei there. At low KMnO,
concentration, an unstable shell of loosely packed
platelets formed (process ¢). Removal of oleic acid
and formed cis-diol by ethanol resulted in collapse
of the shell, giving honeycomb nanospheres. At
high KMnQO, concentration, large amounts of la-
mellar platelets were produced, and a robust shell
of densely packed platelets formed (process e).
After removal of oleic acid and formed cis-diol,
hollow nanospheres were produced. The morphol-
ogy and mesoporous character of the as-prepared
nanomaterials are shown in Fig. 1 and Fig. 2, re-

spectively.
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Fig. 1 SEM (a) and TEM (b} images of honeycomb

5) and SEM
(c) and TEM (d) images of hollow K. MnO, nanosph-
eres (KMnO,/OA=1 : 1).
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Fig. 2 Nitrogen sorption isotherms and pore size dis-
tributions ( inset) of honeycomb (a) and hollow
(b) K.MnO, nanospheres.
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These new nanomaterials had robust nanostruc-
tures and showed morphology-dependent catalytic ac-
tivities for decomposition of formaldehyde. The
HCHO conversion by the hollow K, MnQO, nanospheres
(50 mg) increased to 100% when the temperature in-
creased to 80°C , and that by the honeycomb nanosph-
eres (70 mg), however, needed 85°C to reach a 100%
conversion, as shown in Fig. 3.
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Fig. 3 HCHO conversion on control (M), honeycomb
K. MnQO, nanospheres (70 mg) (A ), and hollow
K.MnO, nanospheres (50 mg) (A), respectively.
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Fig. 4 HCHO conversion per gram of samples on MnO,

powder (A), OMS-2 nanorods (A ), honeycomb (@) and

hollow (©) K.MnO, nanospheres , respectively.,

These decomposition temperatures are much
lower than those achieved by using similar manga-
nese oxide materials. We compared the catalytic
activities of the current as-prepared K, MnO; nano-
materials with previously reported materials. It
was found that the catalytic activities of honey-
comb and hollow K, MnQO, are much higher than
those of MnO, powder, OMS-2 nanorods, and e-
ven Mn-Pd/Al; O; catalysts (Fig. 4). Therefore,
these mesoporous K, MnQO;, nanospheres with large
surface area and high dispersity are convenient and
effective catalysts, and may provide a promising

approach for oxidation decomposition of indoor
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pollutants and other VOCs in environment. Future
research efforts will be necessary to offer significant
improvement over this approach. In fact, with the
support of the National Natural Science Foundation of
China, we are currently investigating more convenient

methods to synthesize the catalysts, ['*
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