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Fig. 1 Surface and cross-sectional morphologies of the polysulfone support membranes under different ambient humidity levels
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Table 1 Comparison of surface pore parameters

under different ambient humidity levels

RH/% L4 /nm FmifLBRR/ %
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50 15 1.3%
85 18 2.2%

R o B IR R W B 1) 701 R R iR
LRI —Fh 7 20 ASBIF 58 LAAS ] 53 12 7 SR AR
VER BEEAR BA PR BB PR AR ER BT . 18] 2 SRS )i
JE BRI T A4 L 1) 46 P £ B T G, A B
LN R S F RN K. YA E
52k 35 %50 % F1 90 %6 B, i il £ ZE RS MWCO
A5 Z5k 63 923 Da, 94 248 Da,103 200 Da, i#t—
AUl TR BRAS R B R A TG, AT HE R
FEEZR T )~ F- 2 LAR (D) J I ALAR 43 A 1 JUAn] s o 22
(o). W 2 Pron, B AW E MR, F LR H
6. 73 nmIMANZE 9. 91 nm, B SGET, S5l EE
WEE G5 —3 R o (84 s, FL42 53 1 i T A2
B o LA ZERAUEH PRI R XTI BE AT A R 45 SR
FERE R T ALEEAE

R o
(=)
<=

—=—RH 35%
40- —o—RH 50%
——RH 85%
20+ :
MWCO:63 923;: MWCO:94 248 %MWCO:1.03 200
0 40 000 80 000 120 000
M\\ /Da

Wl 2 O[] 3058 16 1 i 45 R A B ot
Fig. 2 The rejection curves of support membranes

prepared under different ambient humidity levels
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Table 2 Pore parameters of the support membranes

prepared under different ambient humidity levels

RH/% D/nm o
35 6.73 1. 62
50 7.69 1.76
85 9.91 1. 81
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Fig. 3 Pure water flux of the support membranes

prepared under different ambient humidity levels
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Fig. 4 Surface and cross-sectional morphologies of

polysulfone support membranes prepared with different

coagulation bath compositions
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prepared with different coagulation bath compositions
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Table 3 Viscosity of casting solutions with

different water contents

KA/ % PR/ (mPa - s)
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1.0 333
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Fig. 11 Surface and cross-sectional morphologies of polysulfone support membranes prepared

from casting solutions with different H, O contents
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Table 4 Surface pore parameters of support membranes

prepared from casting solutions with different H, O contents

IR/ % SEH9L4% /nm FLERR/ %
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Table 5 Pore parameters of support membranes

prepared from casting solutions with different H, O contents

IKEIN R/ %6 D/nm o
0.1 6. 82 1. 63
0.5 7.12 1. 64
0.75 8.02 1.78
1.0 10. 32 1. 80
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Fig. 13 Pure water flux of polysulfone support
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Fig. 15 Surface (a) and cross-sectional (b) SEM images, and surface AFM images [ (¢),(d) ]

of the reverse osmosis composite membrane
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Table 6 Pore structure parameters and pure water {lux of different PS support membranes

PSf-RH35 % - 4lizk - 25°C (R &4 12 0.5 182427 63 923 6.73  1.62 1141
PSf-RH50% -4li/k -25°C 15 1.3 19130 94 248 7.69 1.76 1 406
PSf-RHS85 % - 47k -25°C 18 2.2 215428 103 200 9.91 1.81 1959

PSf-RH35% -16 % DMF-25°C 16 1.4 18420 92 369 6.3 1.68 1323
PSf-RH35% -25%DMF-25°C 18 2.5 161417 137 246 8.6 1.82 732
PSf-RH35 % - 47k -35°C 20 2.9 21622 244 103 9.3  1.64 1989
PSf-RH35% - 4li7k -40°C 30 6.4 260144 312 492 11.4  1.86 2 587
0.1%H,0 13 0.5 183+21 68 878 6.82 1.63 1281
0.5%H,0O 13 0.9 187425 72 465 7.12  1.64 1319
0.75%H,0 15 1.4 202415 99 832 8.02 1.78 1633

1. 0% H, 0O 19 2.3 218428 142 264 10.32  1.80 2113
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Fig. 16 Comparison of separation performance of the reverse osmosis composite membranes

prepared from different PSf support membranes

2.5.3 BBEE AW AL

P17 i FHAS ] FL AR B B 2 5 s o o 7%
(1) 5 35 375 R AE Tiid e 328 47 2o A v 3 it 5 10 6 % 11 A
fb. 7F 20 h BES N R RE A, = RP R R BN
] (P RE AR Tt 3, HL b s DALV £5 1 i E AR 45 1) I
B8 ) Ui 8 i A AR L Bt 3284 TR T 4 S 4 5
Jr i o S B AR B FE 20 h Pl R 2000,
Jii b SR A A B A/, KRB R R e, M
Z TR PSI-RH35 % -4k -40 °C HRE ] £ 1Y 2
BB IR R I . (L R BE R W25 . AE
BIFERT 8 b g 17 %0, W% 7E i TR FREE R
Sy K SRR it o L I 2E L T BOK AL R B )
A T J 0 o B R ik L 5 B R, B R

120+ i igg:}ilg‘;f:{/:f)%gﬁ3;4°g-§£/k -25 °C 11.000
PSf-RH35%- 47K 25 'C (JE#ELM)
3:3:3:g:s:g:3::zs:g:g:g:a:g:g:ﬁ:g:gzazs
= 90t ) 10.995 &
- —0—9—9—0—g—@ l“"""\n‘gfg :
a “ag) ¥
2 60} 410.990 gé
i
=)
30r 10.985
0 ¢
0 5 10 15 20 Lot
A /d

B 17 Bl 6 I RE R T T ) (14 28 4k i 3
Fig. 17 Trend of reverse osmosis composite membrane

performance over time under pressure resistance
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Study on substrate layer modification and its effects on the performance

of reverse osmosis composite membranes

KUANG Wu, HAN Hongrui, YI Gang , SU Zhipeng , L1 wei, LU Yanbin
(Beijing OriginWater Membrane Technology Co. , Ltd. , Beijing 101407, China)

Abstract; The separation efficiency and pressure resistance of reverse osmosis composite membranes

strongly depend on the microporous structure of the polysulfone support membrane, yet the precise control
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Green solvent preparation of ZIF-8/PDMS mixed matrix membrane and
its preferential alcohol permeation performance

LI Zhang’an'*, WANG Fengkai'*, SHEN Mengxin'*,
LI Jie"*, WANG Naixin"?, AN Quan fu'*

(1. State Key Laboratory of Materials LLow-Carbon Recycling, Beijing University of Technology,
Beijing 100124, China; 2. Beijing Key Laboratory for Green Catalysis and Separation,
College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Polydimethylsiloxane (PDMS) exhibits excellent membrane-forming properties and hydrophobic
characteristics, making it an ideal material for the separation layer in alcohol-preferential pervaporation
membranes. However, traditional PDMS membrane preparation processes often rely on organic solvents
such as n-heptane for dissolution, which contradicts the principles of green chemistry. This study aims to
develop a facile and green solvent approach for the preparation of PDMS composite membranes. The
preparation process achieves a green and environmentally friendly membrane-forming process through a
stepwise spin-coating technique using PDMS-crosslinking agent. To further enhance the separation
performance of the membrane, porous metal-organic framework particles (ZIF-8) were introduced into the
crosslinking agent to prepare a ZIF-8/PDMS mixed matrix membrane, which was then applied to the
alcohol-preferential pervaporation separation process. Experimental results showed that at 60 °C, the
mixed matrix membrane exhibited excellent separation performance for a 5% ethanol/water mixture, with
a permeation flux of 3. 3 kg/(m’ * h) and a separation factor of 9. 5. Furthermore, the membrane
demonstrated excellent stability during continuous testing for 96 hours. This study provides a new path for
the green preparation of PDMS mixed matrix membranes and strong support for the sustainable
development of pervaporation membrane separation technology.

Key words: preferential alcohol-permeable membrane; PDMS; green solvent; ZIF-8; pervaporation mem-

brane
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mechanism of fabrication parameters on pore structure remains unclear. In this study, polysulfone support
membranes were prepared via the non solvent induced phase separation method. The effects of ambient
humidity, coagulation bath composition and temperature, and non solvent additive in the casting solution
on the pore structure were systematically investigated, followed by the preparation of polyamide composite
membranes via interfacial polymerization. The results showed that when the water content in the casting
solution was 1. 0%, the composite membrane achieved a flux of 60. 16 L/(m? « h) and a salt rejection of
99. 7% when tested with 2 000 mg/L NaCl solution under 1. 55 MPa. After 20 h of continuous operation at
5.86 MPa, the flux decline was only 16. 9%, while the salt rejection remained stable. This study
demonstrates that precise regulation of support membrane formation conditions can balance permeability
and pressure resistance, providing a new route for designing high flux and high stability reverse osmosis
membranes.

Key words: support layer; pore structure; porosity; polyamide; composite membrane



