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Preparation and Pervaporation Performance of SiO,@ZIF-8 Composite Membrane

WU Hongdan, SUN Zhaoying, ZHOU Zhihui, LIU Xiaodi
(School of Resources and Environmental Engineering, Wuhan University of Science and Technology, Hubei Key Laboratory for
Efficient Utilization and Agglomeration of Metallurgical Mineral Resources, Wuhan 430081, China)

Abstract: Silicon dioxide (SiO,) membrane has attracted much attention in the field of separation and purification due to its
high-temperature resistance and adjustable pore size. However, the amorphous structure on the surface leads to the mutual restriction
of permeability and selectivity, which affects the results of separation. A SiO,@ZIF-8 composite membrane was prepared with SiO,
membrane as abase membrane and modified with metal organic framework material (ZIF-8). The effects of synthesis condition of
ZIF-8, addition amount of ZIF-8 and temperature of raw material solution on the dehydration inaqueous ethanol solution mixture
under pervaporation conditions were investigated. The results show that the regular channel structure in ZIF-8 can provide additional
channels for water molecule transport, the water content on the permeate side of the composite membrane is 99.5 %, the permeate
flux increasesto 9.6 kg/(m*h) and the separation factor is 1 973. A relationship between membrane permeation flux and temperature
follows the Arrhenius equation. The apparent activation energy of water molecules in the composite membrane is higher, and the
water flux increases faster with the increase of temperature, indicating a better separation effect. SiO,@ZIF-8 composite membrane
can effectively improve the defects of amorphous network structure of silica film, which has a broad application prospect in the
dehydration of organic solvent by pervaporation.

Keywords: silicon dioxide;metal organic framework material; composite membrane; pervaporation; ethanol dehydration
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ST 120 mL FEEH, IBEHFE S min GFEFE
24 h, HEIEOTESR ZIF-8 9Kk . ik
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Fig. 1 Structure of SiO,@ZIF-8 composite membrane
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(a) Size distribution of ZIF-8 powders synthesized in different solvents

K3 AFEEFIXS ZIF-8 1

(b) XRD patterns of ZIF-8 powders

M

B
W

Fig. 3 Effects of different solvents on ZIF-8
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(a) Pervaporation performances of the membrane prepared with two solvents
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(b) Membrane surface prepared with methanol as solvent

(c) Membrane surface prepared with

water as solvent

(d) Membrane cross-section prepared with

methanol as solvent

(e) Membrane cross-section prepared with

water as solvent
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Fig. 4 Effect of ZIF-8 synthetic solvent on SiOy@ZIF-8 composite membrane
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(c) SEM images of composite membranes prepared at different calcinations temperatures (200 C, 250 ‘C, 300 C,250 ‘C,400 C)
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(b) Propertiesof compositemembranes at different calcination temperatures
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Fig. 5 Effect of calcination temperature on SiO, composite membrane
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(a) Properties of membranes with different ZIF-8 additions (b) Separation mechanism of SiO,@ZIF-8 composite membrane separation layer
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Fig. 6 Effect of ZIF-8 additions
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Table 1 Comparison of separation effect between SiO,@ZIF-8 composite membrane in this study and existing literature

Membrane materials Raw material temperature/ C F lux/(kg-mfz-h’l) Separation factor Ref.
SiO,@ZIF-8membrane 70 9.6 1973 This work
PBI@ZIF-8membrane 60 0.2 310 [29]
Co-SiO,membrane 75 1.1 2530 [30]
SiO,membrane 75 3.9 100 [31]
ZIF-8/PDMSmembrane 50 0.2 8 [32]
PA/MZIF-8membrane 70 4.5 127 [33]
SA/ZIF-8membrane 75 0.9 678 [34]
SiO,membrane 50 0.4 1000 [35]
NaAzeolite membrane 75 8.8 1585 [36]
SAPO-34zeolite membrane 60 0.9 1170 [37]
Chabazite membrane 75 6.3 1950 [38]
FAUzeolite membrane 70 2.2 1791 [39]
Tzeolite membrane 70 23 1348 [40]
NaYzeolite membrane 75 2.6 1000 [41]
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