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Table 1 Oxygen vacancy construction method and comparative analysis table

Cofrf:fﬁsgon Specific method Control parameters Advantages Disadvantages Reference
Reducing gas type, Reducing gases (H,, CO., etc.)
. are flammable and explosive; not
concentration, . . .
Gas phase . Ease of construction and easy to determine the residual
. temperature, time, etc; [19,26-28 ]
reduction method . control of the number of OVs. amount of pyrolyzed substances
type and proportion of .
) . and whether it” s completely
Redu}(itl((l)n pyrolysis substances, etc. decomposed.
metho
Solid phase Type of reducing agent, Control number of OV at Requires sealing or high
R LS room temperature; some [29-33 |
reduction method amount of addition, ete. . temperature treatment.
methods are simple and easy.
Liquid phase ~ Type of reducing agent, Easy to regulate the number  Low output, with certain safety [34-36 ]
reduction method reaction time, etc. of OVs. hazards, etc.
. - . Enhan(:.e the interaction Unable to determine the
Metal ion Doping ion species and  between ions and generate . . .
. - . . . relationship between doping [ 40-43 ]
doping doping amount. special structures (lattice

. . amount and OVs number.
distortion, etc.).

Difficult to seek oxygen vacancy

. . Annealing temperature Simple operation and 1 . .
Air annealing fneaing lemperature, mple operatior ow generation and replenishment [51]
time, heating rate, etc. equipment requirements. i .
equilibrium points.
Type of atmosphere L.
Oxygen Inert atmosphere ype ¢ P ? The mechanism in different
> L processing temperature, - . [47]
partial calcination . atmospheres is not clear.
time, etc.
pressure . .
Oxygen partial Adjustment of OVs number
control Xygen p Oxygen content ! - [ 46.48 |

pressure ratio can be achieved.

Molten salt easily contaminates
materials and requires additional [ 49-50 |
washing.

Molten salt type,
proportion, temperature,
time, etc.

Molten salt
method

Simple operation, shorten
reaction time and temperature.




470 4 7 M f

o536 4

LT RE SR A0 SROLTE | XTSRS AR 454 . XUk
WS 1 | I TR R | LB,
(FRANE IR AR L, AN 2 B

®2 SEMHRIERARIT SR

2 SEfERMELELERZYHAER
R —F R SIR AL A (L

Table 2 Comparative analysis table of characterization techniques of OVs

Characterization

Characterization Principles Advantages Disadvantages References
Techniques
Only observe the local
Scanning Tunneling Directly image the atomic
Directly image and quantify OVs.  atomic arrangement; hard to [52]
Microscope structure.
study the overall defects.
By analyzing metal valence ~ The presence and content of OVs
X-ray Photoelectron There is a deviation during
state, oxygen species and  can be reflected by changes in metal [29]
Spectroscopy peak fitting.
binding energy change. valence and oxygen species ratios.
The existence of OVs is judged Different lasers affect the
The OVs cause alterations in
by information (lattice vibrations,  peak intensity; not have the
Roman chemical bonds, resulting in [53]
Raman shifts and the appearance of  universality of detecting
vibrational mode shifts.
new peaks). OVs directly.
Electron Paramagnetic ~ Direct detection of unpaired Quantitative analysis of OVs Only detect OVs with single
Resonance and Electron orbital electron signals without influence of surrounding  electron capture; unable to [ 34,54 ]
Spin Resonance (g=2.002) caused by OVs. diamagnetic substances. determine location and type.
By the unoccupied density
of states and electronic High resolution; fit for valence
Electron Energy Loss properties of metal analysis of light elements and some  Not suitable for analysis of 16,55 ]
Spectroscopy and oxygen to analyze transition metals; identify the OVs heavy elements. "
valence and coordination number in bulk and surface.
information.
X-ray absorption fine  Obtaining coordination atom Qualitative analysis of OVs
Difficult to obtain
structure and X-ray type, coordination number, by examining the coordination
information on shells above [41]

absorption near-edge bond length and oxidation  information and oxidation states of

spectroscopy state from the atomic level. metal and oxygen.

OVs act as positron attraction
Positron Annihilation
OVs in clusters or isolated states.

Lifetime Spectrum positrons and annihilating

them.

Analyzing spectrograms of

Photoluminescence light intensity and energy High resolution, suitable for thin

Spectroscopy distributions emitted by layer or micro area analysis.

electrons and holes.

centers capable of capturing High detection precision; distinguish and unable to quantitatively

0.5 nm.

Data processing is hard,

[56 ]
analyze OVs bysignal
strength.
The test conditions are
harsh; data processing
[57]

is tough; only qualitative

analysis.
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Research Progress on the Construction of Oxygen Vacancies in
Manganese Oxides and the Mechanism of Their Catalytic
Oxidation of Benzene Series

LIAO Wei'*’, LU Ji-chang"™’, ZHANG Ying"*’, LIU Jiang-ping"*”,
LUO Yong-ming"***, ZHU Wen-jie"*"

( 1. Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming
650500, China, 2. The Innovation Team for Volatile Organic Compounds Pollutants Control and Resource
Utilization of Yunnan Province, Kunming 650500, China, 3. The Higher Educational Key Laboratory for
Odorous Volatile Organic Compounds Pollutants Control of Yunnan Province, Kunming 650500, China;

4. Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming, 650093, China )

Abstract: With its merits of polymorphism, strong oxygen storage/release capacity, rich oxygen species and
controllability of structural defects, manganese oxide, a transition metal oxide, is frequently utilized in the thermal
catalytic oxidation of benzene series. Thereinto, oxygen vacancies (OVs) with many characteristics have attracted the
attention of researchers from various circles because they can efficiently promote the complete catalytic oxidation
of benzene series. We reviewed the common construction methods and characterization techniques of OVs, and
summarized the positive effects of several important mechanisms of OVs in manganese oxide on catalytic activity and
water resistance in the catalytic oxidation of benzene series. Finally, this research concludes by summarizing and
predicting novel techniques, creation mechanisms, particular processes and their applications in the area of benzene
series thermocatalytic oxidation by manganese oxide.

Key words: manganese oxide; oxygen vacancy construction; benzene series; adsorption and activation; lattice oxygen

migration; valence state transition



