Rare Metal Materials and Engineering
Volume 49, Issue 4, April 2020
Available online at www.rmme.ac.cn

Science Press

Cite this article as: Rare Metal Materials and Engineering, 2020, 49(4): 1105-1109.

ARTICLE

Degradation of Low Concentration Formaldehyde by Mesoporous MnO2 at Room Temperature
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Abstract: Mesoporous MnO2 was prepared by sol-gel method using KMnO4 and P123 as raw materials, and the effects of reactant
ratio and pH on the catalytic oxidation performance of the product were investigated. The structure and properties of the synthesized
materials were characterized by XRD, N2 adsorption and desorption, and FT-IR. Finally, the influencing factors of the catalytic
oxidation of HCHO by mesoporous MnO2 were discussed. The results show that the mesoporous MnO2 has good catalytic oxidation
performance to HCHO. The optimum conditions of the preparation are as follows: the ratio of KMnO4 and P123 is 10:1 and the pH
is 7, when the specific surface area of mesoporous MnO2 (pH 7-10:1) is largest, the oxidation performance is the strongest, and the
degradation rate of formaldehyde maintains at 95% within 10 h.
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Formaldehyde is one of the most important VOCs (volatile
organic compounds) and ranks second in the list of China’s
toxic chemicals priority control[1-4]. It has become one of the
most important indoor air pollutants, not only affecting the
upper respiratory tract and lungs of the human body,
stimulating allergies, causing liver function, immune function,
nervous system abnormalities, but also leading to loss of
central part function, and long-term exposure to high quality
concentration. When the concentration of formaldehyde in the
air is 0.06~0.07 mg/m3, children will have mild asthma[5-7].
When it reaches 0.1 mg/m3, it will feel odor and discomfort.
When it is higher, it can cause nausea, vomiting, cough and
chest tightness, while reaching 30 mg/m3 can cause death. In
June 2004, the International Agency for Research on Cancer
raised formaldehyde from a second-class carcinogen to a class
of carcinogens[8-11]. The release process of formaldehyde in
indoors lasts for 3 years to 15 years. At present, the commonly

used method is activated carbon adsorption, but this method
only transfers the pollution source, and cannot decompose the
pollutants, because the physical adsorption of the activated
carbon on the pollutants is only a simple accumulation, which
will lead to problems such as adsorption saturation and
secondary pollution[12-15]. In order to fundamentally eliminate
the harm of formaldehyde to the human body, the method of
photocatalytic degradation of formaldehyde in air has become
a hot spot in recent years[16]. Photocatalytic oxidation is the
oxidation of formaldehyde to CO2 and H2O by holes (h+)
and ·OH with strong oxidizing ability generated by
photocatalysts such as TiO2, but the photocatalyst must be
activated by irradiation with a light source (mainly ultraviolet
light)[17-20].
In recent years, mesoporous inorganic materials have
become a new research hotspot, and have been widely used in
many fields such as catalysis, lithium ion batteries, and
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supercapacitors[21]. Mesoporous materials generally refer to a
class of porous materials with a pore diameter of 2 to 50 nm.
They have extremely high specific surface area, regular
ordered pore structure, narrow pore size distribution, and
continuously adjustable pore size, so that they are worked in
adsorbed, separation, especially in catalytic reactions[22].
Ordered mesoporous manganese oxide has become a hot spot
in the synthesis of transition metal mesoporous oxides due to
its valence variability and its excellent cation exchange
capacity, molecular adsorption and catalytic properties, and
excellent electromagnetic properties[23-25].
Surfactant intermediate phases have been widely used as
templating agents for nanostructured materials[26]. Among
them, P123 (average Mn~5800) can be used as a
structure-directing agent as a nonionic amphiphilic triblock
copolymer[27]. In the present study, mesoporous MnO2 was
synthesized by sol-gel method using potassium permanganate
and P123 in different ratios of materials. It was characterized
by X-ray diffraction (XRD), specific surface area (BET) and
Fourier transform infrared spectroscopy (FTIR). Catalytic
oxidation of formaldehyde in air was carried out at room
temperature, atmospheric pressure and no light by using MnO2
as catalyst.

1

Experiment

Mesoporous MnO2 was synthesized as follows: KMnO4 and
P123 were dissolved in water and the pH value was adjusted
with HCOOH. The solution was heated in a water bath, and
stirred at 25 °C for 24 h. After completion of the reaction, the
mixture was aged for 24 h, filtered, washed several times with
distilled water, and then dried at 80 °C. The dried products
were placed in a wire extractor and extracted with absolute
ethanol for 24 h to remove remaining organic matter. After
extraction, it was dried in a drying oven at 80 °C to obtain
mesoporous MnO2. All chemicals used for sample preparation
are analytical grade.
The crystal structure of samples was collected by Powder
X-ray diffraction (XRD, Smart Lab SE, Japan) with Cu Kα
radiation at 40 kV and 40 mA. A scanning step of 0.02° and
scanning speed of 0.2°/s were applied in the 2θ range of
0.5°~90°. The large angle XRD scan has an angle range of
10°~90°. The physical adsorption isotherm for the sample was
tested by the ASAP 2020 specific surface and porosity
analyzer produced by Micromeritics Instruments, Inc., and the
adsorption gas is nitrogen. The specific surface area of the
material was tested by BET (Brunauer-Emmett-Teller) method,
and the pore size distribution and total pore volume of the
material were characterized by BJH (Barrett-Joiner-Halenda)
model. The total pore volume was calculated at a relative
pressure of 0.99. Fourier transform infrared (FT-IR) spectra
were obtained from 2000 cm−1 to 500 cm−1 on a SHIMADZU
FTIR-8400S using KBr pellets.
The 0.1 mol/L formaldehyde solution vessel was main-

tained in a water bath at 0 °C, and a mixture of 40 mL/min of
O2 and 160 mL/min of N2 was passed through it to produce
gaseous HCHO. The gas was passed through a quartz tube
reactor filled with 500 mg of MnO2 (150~180 µm), and both
ends were wrapped with quartz wool. The weight hourly space
velocity (WHSV) was fixed at 24000 mL/g/h. The reaction
temperature was maintained at 25 °C. Quartz tube reactor inlet
and outlet gases were monitored by a PPM-400 ST HCHO
detector (detection range and limits were 0~20 µL/L and 20
µL/L, respectively). The initial concentration of HCHO was
fixed at about 4 µL/L and monitored by the HCHO detector.
The degradation of HCHO was calculated according to
Eq.(1).
HCHO degradation (%)=

HCHO1 − HCHO2
× 100%
HCHO1

(1)

where, HCHO1 is the initial HCHO concentration and HCHO2
is the HCHO concentration at different time after passing
through catalyst.

2

Results and Discussion

2.1 Structure characterization of catalysts
The XRD patterns of mesoporous MnO2 samples prepared
under different conditions and commercial MnO2 are shown in
Fig.1. It shows that commercial MnO2 belongs to γ-MnO2,
which is composed of ramsdellite and akhtenskite. The
characteristic peak at 21° is the (101) crystal plane of
ramsdellite. The four characteristic peaks in the 2θ of 37°, 42°,
56°, 66° are the (100), (101), (102), and (110) crystal faces of
akhtenskite, respectively. The mesoporous MnO2 prepared
under different conditions show (100) and (110) crystal faces,
indicating that the crystal structure of mesoporous MnO2 is
amorphous.
To investigate the change of the internal structure of
corresponding samples, the FTIR was explored to determinate
characteristic functional groups. Fig.2 shows the FTIR spectra
of samples prepared under different conditions. It can be seen
from the figure that the samples prepared under different
conditions have similar absorption spectra. Fig.3 shows the
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XRD patterns of different samples and commercialized MnO2
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FTIR spectra of samples prepared under different conditions
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FTIR spectra of samples prepared under pH 7-10:1. The
infrared absorption peak at about 585 cm-1 is the absorption
peak of MnO2. The peak near the wave number of 1400 cm-1
is the absorption peak of C-H, and the weak peak of C=O is at
near 1580 cm-1, indicating that P123 and other organic residue
have been nearly removed.
To further investigate the pore structure of samples, N2
adsorption-desorption measurement was conducted and the
results are shown in Fig.4. According to IUPAC’s classifycation, the isotherm of MnO2 samples by the sol-gel method
exhibits a type IV isotherm, indicating the existence of a small
amount of mesopore structure. The N2 adsorption-desorption
measurement of commercial MnO2 is shown in Fig.5.
The primary textural properties of the commercial MnO2,
MnO2 samples by the sol-gel method calculated according to
the corresponding N2 isotherms are listed in Table 1. Samples
prepared under different conditions have SBET greater than
commercial SBET. At the same pH, a specific surface area with
pore ratio of 10:1 is greater than 5:1 and 20:1, which can be
derived from Table 1. When the raw material ratio is the same,
the specific surface area of the sample prepared under pH 3 is
larger than that of MnO2 prepared under the condition of pH 7,
both between 2 and 50 nm, indicating that it belongs to the
mesoporous materials.
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N2 adsorption-desorption measurement of commercial-MnO2

Table 1
Sample
C-MnO2

Textural parameters of different MnO2 catalysts
Specific surface
area, SBET/m2·g-1

Pore volume/
cm3·g-1

Pore size/
nm

35.40

0.04

4.96
10.66

pH 3-5:1

228.45

0.60

pH 3-10:1

232.09

0.66

11.49

pH 3-20:1

219.63

0.70

12.80

pH 7-5:1

123.55

0.30

9.82

pH 7-10:1

143.34

0.52

14.77

pH 7-20:1

114.51

0.35

12.31

2.2 Catalytic activity
The removal efficiency of commercialized MnO 2 for
degradation of HCHO at room temperature is shown in Fig.6.
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When the initial concentration is 4 µL/L, the degradation
efficiency is 60%~80%.
The removal efficiency of MnO2 prepared under different
conditions for low concentration of HCHO at room
temperature is shown in Fig.7. The degradation efficiency is
lower because the catalyst is in an activated state during this
time, and the degradation efficiency begins to stabilize after
60 min. The MnO2 prepared under different conditions have
different catalytic properties.
In the case where the KMnO4 is not excessive, as the ratio
of the reactants increases, the performance of the synthesized
mesoporous MnO2 is improved. On the one hand, KMnO4
provide the Mn source in the catalyst, while it cannot be
completely converted into usable catalyst when the ratio of
KMnO4 and P123 is 20:1. On the other hand, when the content
of KMnO4 is low (5:1), the source of manganese is insufficient, and the content of MnO2 in the product decreases. When
the ratio is 10:1, the maximum amount of reaction can be
converted into MnO2 and carbon dioxide, and because of the
presence of carbon dioxide, the specific surface area and the
pore volume of MnO2 is larger. At the same pH, larger specific
surface area and pore size help release lattice oxygen, adsorb
water molecules and formaldehyde to participate in the reaction,
which is helpful for improving the catalytic activity of MnO2.

Through the structural analysis of MnO2, in the case of the
same pH, when the ratio is 10:1, the specific surface area is
the largest and the catalytic efficiency is the highest.
Comprehensive studies have shown that the optimal reactivity
ratio of synthetic mesoporous MnO2 is 10:1. The pH value is
an important factor affecting the catalytic oxidation of HCHO
by mesoporous MnO2. Mn as a transition metal element, in the
process of preparing MnO2, the enhancement of acidity easily
leads to the loss of the raw material KMnO4 to Mn2+ and
reduces the content of MnO2 in the product. When the acidity
is high (pH=3), the precipitate is easily decomposed, resulting
in a decrease in the content of MnO2 in the product. The
specific surface area of pH 3 is larger than that of pH 7, but
the catalyst under pH 3 is easily deactivated compared with
the activity of pH 7.
In summary, the optimal condition is that the ratio of
KMnO4 to P123 is 10:1, the reaction time is 24 h, the reaction
temperature is 25 °C, the pH is 7, and the extraction time with
C2H6O is 24 h. This sample is stable to 95% or more for
HCHO degradation within 10 h.

3

1) Mesoporous MnO2 was prepared by sol-gel method
under different pH and raw material ratios.
2) The existence of mesoporous MnO2 are confirmed by
XRD, N2 adsorption-desorption and FT-IR. The prepared
mesoporous MnO2 has a high specific surface area and a large
pore diameter.
3) Mesoporous MnO2 has excellent catalytic performance in
catalytic oxidation of low concentration HCHO at room
temperature. The mesoporous MnO2 (pH 7-10:1) is stable to
95% within 10 h, which is greatly improved compared with
commercial MnO2.

References
1

Removal Efficiency/%

Bach S, Henry M, Baffier N et al. Journal of Solid State
Chemistry[J], 1990, 88(2): 325

2

Bao S J, He B L, Liang Y Y et al. Materials Science &

3

Deng J G, Zhang L, Dai H X et al. The Journal of Physical

Engineering A[J], 2005, 397(1-2): 305
Chemistry C[J], 2010, 114(6): 2694

100
4

Feng L L, Wang J, Han X et al. Materials Science Forum[J],

5

Hong X L, Zhang G Y, Zhu Y Y et al. Materials Research

80

2016, 852: 547

60

Bulletin[J], 2003, 38(13): 1695

pH 3-5:1
pH 3-10:1
pH 3-20:1
pH 7-5:1
pH 7-10:1
pH 7-20:1
Commercialized MnO2

40
20
0

Conclusions

0

2

4
6
Time/h

6

Jiao F, Bruce P G. Advanced Materials[J], 2007, 19(5): 657

7

Pei J J, Zhang J S. HVAC & R Research[J], 2011, 17(4): 476

8

Jutz F, Grunwaldt J D, Baiker A. Journal of Molecular Catalysis
A: Chemical[J], 2008, 279(1): 94

8

10

9

Klápště B, Vondrák J, Velicka J. Electrochimica Acta[J], 2002,
47(15): 2365

10 Li D D, Yang G L, Li P L et al. Catalysis Today[J], 2016, 277: 257
Fig.7

Removing rate for formaldehyde of different samples

11

Li G R, Feng Z P, Ou Y N et al. Langmuir[J], 2010, 26(4): 2209

Xu Lingliang et al. / Rare Metal Materials and Engineering, 2020, 49(4): 1105-1109

12

Liu M, Zhang G J, Shen Z R et al. Solid State Sciences[J], 2009,

13

Lu S L, Li K L, Huang F L et al. Applied Surface Science[J],

11(1): 118
2017, 400: 277
14

Quiroz T J, Royer S, Bellat J P et al. Chemsuschem[J], 2013, 6(4):

15

Reddy R N, Reddy R G. Journal of Power Sources[J], 2003,

578
124(1): 330
16

Rong S P, Zhang P Y, Wang J L et al. Chemical Engineering

17

Sekine Y. Atmospheric Environment[J], 2002, 36(35): 5543

18

Sekine Y, Nishimura A. Atmospheric Environment[J], 2001,

Journal[J], 2016, 306: 1172

926
21

Wang J L, Yunus R, Li J G et al. Applied Surface Science[J],

22

Wang J G, Yang Y, Huang Z H et al. Journal of Power Sources[J],

2015, 357: 787
2012, 204(1): 236
23

Zhou L, He J H, Zhang J et al. The Journal of Physical

24

Zhu S, Zhou H, Hibino M et al. Advanced Functional

Chemistry C[J], 2011, 115(34): 16873
Materials[J], 2005, 15(3): 381
25

Zhu S M, Zhou Z Y, Zhang D et al. Microporous & Mesoporous

26

Dellinger T M, Braun P V. Chemistry of Materials[J], 2004,

Materials[J], 2006, 95(1-3): 257

35(11): 2001
19

16(11): 2201

Tian H, He J H, Liu L L et al. Microporous & Mesoporous

27

Materials[J], 2012, 151: 397
20

Xue T, Xu C L, Zhao D D et al. Journal of Power Sources[J],
2007, 164(2): 953

Tian Z R, Tong W, Wang J Y et al. Science[J], 1997, 276(5314):

 MnO2 
 1 2

1



1



 1 1 1

  3 1,3 1  1
(1. 
(2.

 KMnO4  P123 -



! 1 " 1

310018)


(3. 



1109

321300)

310028)

!"#$%&'()*+, MnO2-.*/012 pH 345678459:;

<=>?@ABC=78;< XRDDN2 EFGDFT-IR =HI!JK@LMNO*+, MnO2 45P5 HCHO =>?QR@
7SJT-

!()+, MnO2 =LU%&VW2 10:1pH X 7@P123  KMnO4 AB=+, MnO2 YZ[=2J

\],^_Z`a= HCHO 459:;<@" pH=7 =bc'LZde+, MnO2 =f;ghi"2 10:1 bc'jB=+
, MnO2 2J\][459:;<[k" 10 h lmn"3op=9:q 95%r@
opi+, MnO2i45P5i

!isltu

vwx+Vyz{|1995 }j~jC
1004484341@qq.com

310018 V0571-86875610E-mail:

