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Preparation and characterization of flexible composite membranes with MOFs grown

inside hollow nanofiber
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Abstract: The flexible composite membranes materials based on metal organic frameworks (MOFs) play a signifi-
cant role in many fields such as gas separation, pollutant removal and controlled drug release system. Utilizing
coaxial electrospinning technology, the composite nanofibers of core-shell structure was prepared by mixing orga-
nic ligand 2-methylimidazole (2-ml) in polyvinylidene fluoride (PVDF) polymer solution as shell spinning solution,
and adding zinc ion to glycerol as core spinning solution. With hydrothermal synthesis, the glycerol in the core
layer dissolves to form a hollow structure, while the zinc ion diffuses outward and contacts the organic ligands on
the inner surface of the polymer shell layer at the same time. The in-situ growth of ZIF-8 MOF crystals inside PVDF
hollow nanofibers (HNFs) were obtained as the ZIF-8@HNTFs flexible composite membrane material. The effect of
different metal salt and ligand proportions, different hydrothermal growth time and temperature on the formation

of ZIF-8 in HNFs were studied. The molar ratio of zinc ion and 2-mI ligand was 1 : 40, and the hydrothermal growth
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condition was at 65°C for 4 h with water as solvent, which proved to be the optimal preparation circumstance. The

structure and performance of ZIF-8 @HNFs were characterized by X-ray diffraction (XRD), scanning electron micro-

scopy (SEM), Fourier transform infrared spectroscopy (FTIR), thermogravimetry analysis (TGA) and the nitrogen

adsorption-desorption test, etc. The results indicated that the ZIF-8 crystals were in-situ synthesized and loaded

inside the PVDF HNFs with 3.351% content. The Brunner-Emmet-Teller measurements (BET) surface area was

38.189 m*/g, the pore volume was 0.204 cm®/g and the pore size distribution were at 4.678 nm and 7.573 nm.

Furthermore, the ZIF-8@HNFs still maintains its structural stability after being treated with 200°C high tem-

perature, multiple bending and soaking with water or alkali solution for 4 h. The characteristic of ZIF-8 that itself

can dissociate under acidic conditions, which makes the ZIF-8@HNFs flexible composite membrane material

potentially valuable in areas such as contaminant adsorption-desorption and controlled drug release system.

Keywords: coaxial electrospinning; hollow nanofibers; metal organic frameworks; ZIF-8; in-situ growth
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ZIF-8—Zeolitic imidazolate framework-8; PVDF—Polyvinylidene fluoride; DMF—N,N-dimethylformamide;
DC—Direct current; MOF—Metal organic framework
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Fig.2 XRD patterns of ZIF-8 powder, HNFs and ZIF-8@HNFs

composite membranes
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Fig.3 XRD patterns of ZIF-8@HNFs composite membranes synthesized
by adding different molar ratios of zinc ions and 2-methylimidazole (2-

ml)with1 :10,1:20and1 : 40
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Fig.4 XRD patterns of ZIF-8@HNFs composite membranes synthesized
by different hydrothermal growth temperature at 45°C, 65°C and
85C for4h
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Fig.5 XRD patterns of ZIF-8@HNFs composite membranes synthesized
by different hydrothermal growth time for 2h, 4 h,8h and 12h at65°C
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Fig.6 SEM images of ZIF-8@HNFs composite nanofiber membranes

under different preparation conditions
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%7 ZIF-8@HNFs &4 14 EDS eI (. Bk, BERIA):
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Fig. 7 EDS maps of ZIF-8@HNFs composite membranes (F, C, Zn and

N): (a) Wide scale elemental mapping of nanofiber membranes;

(b) Enlarged elemental mapping of single nanofiber
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A3 BT A [R]85 15 1~ R0 2- FY R DK e (1% B8 /K LL Xt HNF's
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Fig.8 FTIR spectra of ZIF-8@HNFs composite membranes synthesized

by adding different molar ratios of zinc ions and 2-methylimidazole with

1:10,1:20and]1 : 40
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K9 ZIF-8 KK (a) 1 ZIF-8@HNFs A (b) (7K A A
Fig.9 Water contact angle photos of ZIF-8 powder (a) and ZIF-8 @HNFs

composite membranes (b)
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Fig. 10 Thermogravimetry curves of ZIF-8 powder, HNFs and
ZIF-8@HNFs composite membrane

X} A2 A I G 3R 0 ZIF-8 5 B I Y ) A
— 5 TH A R PR UERR S 1Y 97 22 38R T HAE N IR A
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S5 RN SFEM.
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Fig. 11 XRD patterns of ZIF-8@HNFs composite membranes treated by

different temperature
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Fig. 12 N, adsorption-desorption curves (a) and pore size distributions (b) of ZIF-8 powder, HNFs and ZIF-8@HNFs composite membranes

i £ 4.678 nm 1 7.573nm. Mt 5 25 44 K 45 4
[, ZIP-8@HNFs & G R i L R i AR K, LA
W AR /0N L T FL AR BH I B K Bzl ZIF-8, X L
P4 a] DL R T /0 B ZIB-8 40 K SR 7E b a5 g4

K EF Y R R A K 2 R . SEER A SRR,
ZIF-8@HNFs & & I HA 3 5 19 2 R AL 4514 F s
L TE AR, R R TS Gl 4 i I B R A A i
PEOF 1 1 38

%1 ZIF-8 #5. HNFs fl ZIF-8@HNFs & & % KR B M GE 21 7
Table1 Adsorption performance of ZIF-8 powder, HNFs and ZIF-8@HNFs composite membranes

Sample Sper/(m*g™) Pore volume/(cm®g™") Pore size/nm
ZIF-8@HNFs 38.189 0.204 4.678,7.573
HNFs 32.708 0.169 4.678, 7.838
Z1F-8 484.327 0.273 0.926

Note: Sggr is the specific surface area calculated by the Brunner-Emmet-Teller (BET) method.
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%13 ZIF-8@HNFs &AM : Rsf (a) it (b);
M T (c). Bl (d) FZELE (e)

Fig. 13 ZIF-8@HNFs composite membranes: Size (a) and mass (b);

Flexibility testing: Folding (c), bending (d) and wrapping (e)

Intensity

In water

ZIF-8@HNFs

5 10 15 20 25 30 35 40 45 50
26/(°)

LK BRI MERR R 4 h J5 1Y
XRD i

¥l 14 ZIF-8@HNFs &

Fig. 14 XRD patterns of ZIF-8@HNFs composite membranes after

washing 4 h in water, acidic and alkaline conditions
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