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Fig. 1 Schematic diagram of ZIF-8/PES membranes and MnQO, @ZIF-8/PES membranes preparation
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Table 2 Comparison of HCHO degradation efficiency by MnQO,

il AL S %A LR R/ % TE1LEE/ (k] »mol 1) S 30k
8.9% Ag/3D MnO, T=110 °C,C;=1 300 mg/L,GHSV=15 000 h ! 100 39.1 [23]
0.25% Au/MnO,  T=40 ‘C,C;=500 mg/L, GHSV=60 000 h™" 20 68. 8 [24]
MnO, /7 47 T=65 C,C;=100 mg/L, GHSV=30 000 h™! 100 34. 3 [25]
MnO, /PG T=100 °C,C;=1 200 mg/L, HRT=100 min 40 25.9 [26]
MnO, @ZIF-8 T=25 C,C;=0. 2 mmol/L, HRT=30 min 35 23.67 A
MnO, @ZIF-8/PES i T=25 °C,C;=0. 2 mmol/L, HRT=30 min 72 19.72 AR

B 3K :

[1] Tang X, Li Y, Huang X, etal. MnO,-CeO, mixed ox-
ide catalysts for complete oxidation of formaldehyde:
Effect of preparation method and calcination tempera-
ture[ J]. Appl Catal B: Environ, 2006, 62(3): 265—
273.

[2] Torres J, Giraudon J, Lamonier J, et al. Formaldehyde
total oxidation over mesoporous MnQO, catalysts[]].
Catal Today, 2011, 176(1);: 277—280.

[3] Yang Y, Zhang H, Jin S. A new method of activated
carbon loading MnQ; to formaldehyde degradation[]].
Adv Mater Res, 2011, 332. 1743—1746.

[4] Li X, Pi Y, Hou Q, et al. Amorphous TiO, @NH,~
MIL-125(Ti) homologous MOF - encapsulated hetero-
structures with enhanced photocatalytic activity [ J .
Chem Commun (Cambridge, U. K.), 2018, 54(15):
1917—1920.

[5] Long J, Yaghi O. The pervasive chemistry of metal-or-
ganic frameworks[ J]. Chem Soc Rev, 2009, 38: 1213
—1214.

[6] XuX, ChuC, FuH, etal. Light-responsive UiO-66-
NH,/Ag; PO, MOF - nanoparticle composites for the

capture and release of sulfamethoxazole[ J]. Chem Eng

J, 2018, 350. 436—444.

[7] Zhao M, Yuan K, Wang Y, etal. Metal-organic frame-
works as selectivity regulators for hydrogenation reac-
tions[ J ]. Nature, 2016, 539. 76—80.

[8] LiG, Lv N, Zhang J, et al. MnQ, in situ formed into
the pores of C-dots/ZIF-8 hybrid nanocomposites as an
effective quencher for fluorescence sensing ascorbic acid
[J]. RSC Adv, 2017, 7(27); 16423—16427.

[9] Sekine, Yoshika. Oxidative decomposition of formalde-
hyde by metal oxides at room temperature[ ] ]. Atmos
Environ, 2002, 36(35): 5543—5547.

[10] Dong Z, Le X, Dong C, et al. Ni@Pd core-shell nan-
oparticles modified fibrous silica nanospheres as highly
efficient and recoverable catalyst for reduction of 4-ni-
trophenol and hydrodechlorination of 4-chlorophenol
[J]. Appl Catal B: Environ, 2015, 162: 372—380.

[11] Unlu D, Hilmioglu N. Pervaporation catalytic mem-
brane reactor application over functional chitosan mem-
brane[ J]. ] Membr Sci, 2018, 559: 138—147.

[12] Ma X, Kumar P, Mittal N, et al. Zeolitic imidazolate
framework membranes made by ligand-induced permselec-
tivation[ J]. Science, 2018, 361(6406): 1008—1011.

[13] Hess S, Grass R, Stark W. MOF Channels within



5 3 1) FEFPHEE: MnO, @ZIF-8/PES & S ALY i 8 b HY A AL B AL T <71 -

porous polymer film: Flexible, self-supporting ZIF-8 activation and efficient catalytic removal of formalde-
poly (ether sulfone) composite membrane[ J]. Chem hyde at room temperature[ J]. Appl Catal B: Environ,
Mater, 2016, 28(21). 7638—7644. 2019, 258. 117981.

[14] Li M, Zhang W, Zhou S, er al. Preparation of poly [21] Zhou L., He J, Zhang J, et al. Facile in-situ synthesis
(vinyl alcohol) /palygorskite-poly Cionic liquids) hybrid of manganese dioxide nanosheets on cellulose fibers and
catalytic membranes to facilitate esterification[ ] ]. Sep their application in oxidative decomposition of formal-
Purif Technol, 2020, 230: 115764, dehyde[J]. J Phys Chem C, 2011, 115(34). 16873—

[15] Nagaraju D, Bhagat D, Banerjee R, et al. In situ 16878.
growth of metal-organic frameworks on a porous ultra- [22] Chen X, Wang Z, Bi S, etal. Combining catalysis and
filtration membrane for gas separation[ ] ]. ] Mater separation on a PVDF/Ag composite membrane allows
Chem A, 2013, 1(31). 8828 —8835. timely separation of products during reaction process

(16] WfEmd, 5 24, %1 W, 55 S {b4h/PTFE thas 24 [JJ. Chem Eng J, 2016, 295: 518—529.

A Bl 2 M LA B AR M RRLT . WiV TRk [23] Bai B, Qiao Q, Arandiyan H, et al. Three-dimension-
WCHRBIERRD . 2016,35(4) ;. 533—537. al ordered mesoporous MnO;-supported Ag nanoparti-

[17] Liu W, Yin R, Xu X, et al. Structural engineering of cles for catalytic removal of formaldehyde[ J]. Environ
low-dimensional metal-organic frameworks: Synthesis., Sci Technol, 2016, 50(5): 2635—2640.
properties, and applications [ J]. Adv Sci, 2019, 6 [24] ChenJ, Yan D, Xu Z, etal. A novel redox precipitati-
(12) . 1802373. on to synthesize Au-doped o-MnQO, with high disper-

[18] Yang Q, XuQ, Yu S, et al. Pd nanocubes@ZIF-8; sion toward low-temperature oxidation of formaldehyde
integration of plasmon-driven photothermal conversion [J]. Environ Sci Technol, 2018, 52(8): 4728—4737.
with a metal-organic framework for efficient and selec- [25] Lu L, Tian H, He J, et al. Graphene-MnQO, hybrid
tive catalysis[ J]. Angew Chem Int Ed, 2016, 55(11); nanostructure as a new catalyst for formaldehyde oxi-
3685—3689. dation[J]. J Phys Chem C, 2016, 120(41): 23660 —

[19] Gutierrez-Arzaluz M, Norena-Franco L. Angel-Cuevas 23668.

S, et al. Catalysts with Cerium in a membrane reactor [26] Wang C, Zou X, Liu H, etal. A highly efficient cata-
for the removal of formaldehyde pollutant from water lyst of palygorskite-supported manganese oxide for
effluents[ J]. Molecules, 2016, 21(6): 668. formaldehyde oxidation at ambient and low tempera-

[20] Zhu D, Huang Y, Cao J, et al. Cobalt nanoparticles ture; Performance, mechanism and reaction kinetics
encapsulated in porous nitrogen-doped carbon: Oxygen [J]. Appl Surf Sci, 2019, 486: 420—430.

Preparation of composite MnO, @ZIF -8/PES catalytic membranes
and catalytic oxidation performance of formaldehyde

WANG Yuyang , XIAO Zeyi, FAN Senqing ,

MAI Zenghui , QIN Yangmei
(School of Chemical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Composite MnO, @ZIF-8/PES catalytic membranes were prepared by deep permeation synthesis
fabrication method. First, ZIF-8 nanoclusters were in-situ synthesized inside PES membrane pores, and
then MnO), nanoparticles were continued to be assembled both inside and on the surface of ZIF-8. The
catalysis oxidation of formaldehyde solution was carried out by continuous flowing method through
membranes to explore their catalytic performance. The experiment results show that, with aqueous

HCHO solution at initial concentration of 0. 2 mmol/L and temperature of 25 ‘C and with flowrate of
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Study on CO,/N, separation in four kinds of membrane
materials based molecular simulation

GAO Yingjia's YAO Hui', BEI Pengzhi', YU Dan',
ZHOU Dingvyi*, LIU Hongjing'
(1. School of Petrochemcial Engineering, Shenyang University of Technology, Liaoyang 111003, China;
2. Liaohe Petrochemical Company, PetroChina, Panjin 124022, China)

Abstract; In this study, the molecular simulation technique was used to investigate CO,/N, separation
properties and separation mechanism in four kinds of common polymer membranes. Using MD and GCMC
methods, the properties of membranes were stimulated and the solution and diffusion processes of CO, /N,
in four kinds of polymer membranes were obtained. The values caculated are in good agreement with the
experimental results. The results show that the gas diffusion coefficients in membrane materials increases
with the increase of free volume size. The gas solubility coefficients in materials increases with the increase
of hole number. The microscopic properties of the materials are the key factors that determine the
macroscopic properties of the material. Since the rubbery polymers have more flexible chain and smaller
cohesive energy density than the glassy polymers, the permeability coefficients of CO,/ N, in the rubbery
polymers is greater than those in the glassy polymers.

Key words: molecular simulation technique; gas separation membrane; CO, /N,
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0. 25 mL/h (corresponding a hydraulic retention time of 30 min), HCHO degradation efficiency could be
achieved by 72%. Moreover, at higher temperature of 85 °C, the HCHO degradation efficiency could be a-
chieved as high as 99%. Compared with MnO, @ZIF-8 powder catalysts, composite MnQO, @ZIF-8/PES
catalytic membrane has presented higher catalytic activity and better stability. Besides, the constant of re-
action rate and the apparent activation energy could be fitted perfectly as 0. 019 4 min~' (25 C) and 19. 72
kJ/mol respectively. After undergoing several catalytic reaction tests, the composite MnQO, @ZIF-8/PES
catalytic membranes still illustrated nice catalytic duration performance.

Key words: MnO, @ZIF-8/PES; deep permeation; catalytic membranes; HCHO catalysis



