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Preparation and properties of polyether sulfone/modified UiO-66
blended ultrafiltration membrane

LIU Yuangian, CHEN Yingbo*, XU Linzhe, TAO Keyu, LU Xu, WANG Xiaozhe
(School of Material Science and Engineering, Tiangong University, Tianjin 300387, China )

Abstract: Ultrafiltration membranes PVP-UiO-66-NH,/PES were prepared via phase conversion method
from blending polyether sulfone (PES) with modified metal-organic framework (MOFSs) particles
PVP-UiO-66-NH,, which were synthesized from introducing amino group and polyvinyl pyrrolidone (PVP)
into MOFs particle UiO-66 by solvothermal method. Particles PVP-UiO-66-NH, and membranes PVP-
UiO-66-NH,/PES were characterized by FTIR, XRD, SEM, TEM and true-color confocal laser scanning
microscope (CLSM), and the influence of PVP-UiO-66-NH, mass fraction on the properties of
PVP-UiO-66-NH,/PES were further analyzed. The results showed that PVP-UiO-66-NH, displayed a
nanoscale particle size of 41 nm and a round shape. The PVP-UiO-66-NH,/PES membrane (P-2.5) prepared
with 2.5% (mass fraction) PVP-UiO-66-NH,, which exhibited good comprehensive properties, with the
internal upright finger-like pores showing good stereoscopic morphology, displayed tensile strength of
3.06 MPa, elongation at break of 14.3%, porosity of 81.43% and water contact angle of 75.2°. Under the
test pressure of 0.1 MPa, the membrane showed pure water flux of 506.9 L/(m*-h), and flux recovery rate of
95.97% after it was contaminated with bovine serum protein (BSA) and cleaned by simple water. In the
filtration test of 600 min, the water flux could still be maintained at about 300 L/(m*h). The improved
separation performance of PVP-UiO-66-NH,/PES was attributed to good dispersion and uniform pore
structure of PVP-UiO-66-NH, on PES membrane.
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Table 1 Material ratio of ultrafiltration membrane preparation

Ykt /g

Ui0-66 UiISI)I_{Gf_ PVP;J;[?_%_ PES PVP DMAc
U-0 0 0 0 2.8 0.8 16.4
U-0.5 0.1 0 0 2.8 0.8 16.3
U-1.5 0.3 0 0 2.8 0.8 16.1
U-2.5 0.5 0 0 2.8 0.8 15.9
N-0.5 0 0.1 0 2.8 0.8 16.3
N-1.5 0 0.3 0 2.8 0.8 16.1
N-2.5 0 0.5 0 2.8 0.8 15.9
P-0.5 0 0 0.1 2.8 0.8 16.3
P-1.5 0 0 0.3 2.8 0.8 16.1
P-2.5 0 0 0.5 2.8 0.8 15.9
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Schematic diagram of a self-assembled circulation
device
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Fig. 2 FTIR spectra (a) and XRD patterns (b) of UiO-66,
UiO-66-NH, and PVP-UiO-66-NH,
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Kl 3 Ui0-66 (a) . UiO-66-NH, (b) . PVP-UiO-66-NH,

(c¢) iy TEM &l
Fig. 3 TEM images of UiO-66 (a), UIO-66-NH, (b), PVP-
Ui0-66-NH; (c)
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B 4c) , BPIRIEW BE; i PVP-UiO-
NH,/PES R EEA B A RIS (K 4d) , K
ToruchE RAr, XA AT g RE I AR e .
S EE U-2.5( & 4e ) F P-2.5( [ 4f ) B9 SEM
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¥ . U-2.5 BOFERFL S BU™ 5 A9 25 il RES B B 42
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o .

a—U-0; b, e—U-2.5; ¢—N-2.5; d. —P-2.5
B4 EHIERER (a~d) MW (e, f) SEM A

Fig. 4 SEM images of surface (a~d) and cross section (e, f)
of blended ultrafiltration membranes

& 5 2k PVP-UiO-66-NH,/PES J& [ F i SEM &,

a—P-0.5; b—P-1.5; ¢c—P-2.5
K 5 PVP-UiO-66-NH./PES JI& (/%32 SEM &

Fig. 5 Surface SEM images of PVP-UiO-66-NH,/PES

membranes
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ME 6 W LIA 1, PES AR (U-0) £t
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PES 5 Ui0-66 LR )5 (& 6b) , U-1.5 A LA
FEREM (R,=1.007 pm) , XJEH T Ui0-66 HHIE
MBS E R S22, KN

Re=0.603 pm

Ui0-66-NH, fil PVP-UiO-66-NH, 2 BitE4 e, N-1.5
(Kl 6c) 5 P-1.5 (K 6d) FimpAERRESS T
—ERRE R E, Hd P-1.5 /9 R, 4 0.726 um,

R=1.007 pm

a—U-0; b—U-1.5; ¢—N-1.5; d—P-1.5
Bl 6 IR R NG 2R E = 4k E A EIR

Fig. 6 Surface 3D reconstruction images of blend ultrafiltration membranes
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Fig. 7 N, isothermal adsorption and desorption curves (a)

and pore diameter distribution curves (b) of
ultrafiltration membranes
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W, RALRAAE R g k. Hd, U-2.5
(06 B e K, 7E 15~20 A1 50 nm LA EARFEAER K
(IFLAR A, HE—B0E T Ui0-66 43 Aii A4
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5118 XN

S5 RBEI/MCME Uio66 IR IR i 4 5 PERE © 2419+

P A, XS R, Ui0-66 R 1 & KA
RIAHRE, X —Z5kuue T HE KM, HitksK
PS5 T 508 15 T2 AR A B i P8 2 K

P LR B, 4848 MOFs Hi 1Y i i 7 5k
FRIEE, 43514824 Ui0-66. UiO-66-NH, Fl PVP-

Ui0-66-NH, [ 48 8 5% 1) 7K 32 fish £ 720 S RAATG o 9102
U-1.5. N-1.5 1 P-1.5 /K¥ZfilfiRy 76.8°, 73.4°F
72.7°, XIER N, EIFEA PVP AREA FEKM, AT
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Table 2 Water contact angle and porosity of blended ultrafiltration membranes
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Fig. 8 Pure water flux of blended ultrafiltration membranes
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Fig. 9 Flux (a) and retention rate (b) of blended ultrafiltration
membranes for BSA solution
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