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Fig. 2 ATR-FTIR spectra (a) ; XPS spectra (b)
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Fig. 3 In-depth analysis of high-resolution O 1s XPS core electron spectra of XC-N (a),
NF30 (b) and NF60 (¢) membranes
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Fig. 4 MWCO (a) and pore size distribution (b) of three types of membranes
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NF30 0.46 1. 56 >E 0
NF60 0. 44 1.53 ~
FLE A R IR L SEWR A T SR IIRZ X (1 Eas
B T T LA B A R T NEF60 e R 3 7 —40
R S G R ol
PR T 2 7K 1 RE X J5E 140 95 425 P RE AT E 50 2 y . . m
R il 7 5 8 T R A1 490 D8 B 3 T 1) 2% /KRR BBE L K oH

T fb Ay /NG Sk M 0T . NI 6 TT LU M
XC—N.NF30 F1 NF60 =& 18 B8 %) 7K 32 fish £ 43+ 1)
k7 35. 15°.43. 23°F1 51. 15°, Hiip XC-N /K32l A

5 IR Zeta L7

Fig. 5 Zeta potential of nanofiltration membranes
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Fig. 7 Water permeance (a) and retention of single salt (b) of three commercial membranes
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Table 2 Values of each factor level

HZE R (A)/  NaCl : Na, SO, . PEAEE A R JEL JiE ke
K (mg+ LY TR i (B) PH(O (D)/MPa  (E)/(L+h™H (»/C (&)
1 2 000 1:2 4 0.3 30 15 XC-N
2 5 000 1:1 7 0.5 40 25 NF30
3 10 000 2t 1 9 0.7 50 35 NF60

%3 =ZHBEXEHER

Table 3 Results of orthogonal experiments with three kinds of membranes

sy PRI/ WL BRI mRR mE R o
(mg+ L) (mxacr * Mg, 50, ) +1/MPa (Lh™H C Fh
1 2 000 2:1 4 0.3 30 15 XC-N 10.48
2 2 000 1:1 7 0.5 40 25 30 12. 09
3 2 000 1:2 9 0.7 50 35 60 2.14
4 5 000 2:1 4 0.5 40 35 60 9.48
5 5 000 1:1 7 0.7 50 15 XC-N  21.54
6 5 000 1:2 9 0.3 30 25 30 4,57
7 10 000 2:1 7 0.3 50 25 60 4. 56
8 10 000 1:1 9 0.5 30 35 XC-N  30.90
9 10 000 1:2 4 0.7 40 15 30 5. 21
10 2 000 2:1 9 0.7 40 25 XC-N 7.58
11 2 000 1:1 4 0.3 50 35 30 2.59
12 2 000 1:2 7 0.5 30 15 60 1.61
13 5 000 2:+1 7 0.7 30 35 30 3.71
14 5 000 1:1 9 0.3 40 15 60 3.76
15 5 000 1:2 4 0.5 50 25 XC-N  12.25
16 10 000 2:1 9 0.5 50 15 30 2. 65
17 10 000 1:1 4 0.7 30 25 60 4.55
18 10 000 1:2 7 0.3 40 35 XC-N 44,37
k4 EMBEER R RME SN
Table 4 Polar analysis of the results of orthogonal experiments with three kinds of membranes

m Y e O B R, R mmko

k, 12. 16 12. 82 14. 86 23.45 18. 61 15. 08 42,37

ks 18. 44 25. 14 33. 32 22.99 27.50 15. 20 10. 28

ks 30.75 23.39 17. 20 14. 91 15. 24 31. 06 8. 70

# R 18.58 12. 32 18. 46 8. 54 12. 26 15.98 33.67

BN G>A>C>F>B>E>D
RLA S A3(10 000)B2(1 : DC2(7)D1(0. 3)E2(40)F3(35) G1(XC-N)

WRYEIEAZ SR 45 R B 22 00 M7 XS RE M AR I I /IMICUCH [ R R 2Bk B2 = p H > L3 >R 4R
OYESEPEAE (SP) RES R AT TORAL . SER 4 Wl > B D > 484 I . N, AR B NaCl/
RN ASEN O IR R E R RE] Na, SO, RS TR R 57 2 e 7 B ROCR 5%
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in selectivity and mechanical properties. Therefore, simultaneously enhancing the selectivity and
permeability of gas separation membranes is a significant challenge in this field. In this study,
copolymerization of diphenylketone tetracarboxylic dianhydride ( BTDA ) with trimethylbenzene
diisocyanate (TTDI) and 4, 4'-diphenylmethane diisocyanate (MDI) was conducted. By regulating the
copolymerization ratio of TTDI and MDI, a series of polyimide gas separation membranes were prepared.
This method avoids the drawbacks of preparing polyimide gas separation membranes by the “one-step
method” and the “two-step method”, and introduces the trimethylbenzene structure to regulate the free
volume, thereby obtaining gas separation membranes that take into account both good selectivity and
permeability. The results showed that when TTDI mole fraction was 80% in the copolymer, the prepared
polyimide separation membrane had good thermal performance, with a glass transition temperature of
374.60 °C. Additionally, this separation membrane exhibited excellent separation performance for O,/N;
and CO,/CH, systems. Specifically, the CO, permeability was 8. 02 Barrer, and the CO,/CH, selectivity
was 57. 28. Moreover, there was no obvious plasticization behavior under gas pressures ranging from 0. 3
to 1. 2 MPa, and its separation characteristics were superior to commercial products such as P84" .

Key words: polyimide membrane; free volume; steric hindrance; gas separation
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Research on the structure-performance relationship of nanofiltration membranes
and optimization of salt fractionation conditions

WANG Zizu"?, LU Hongwei®, YU Hui®*, PENG Bo*, LUO Jianquan®,
WAN Yinhua*, XIAO Chunyan', FENG Shichao®

(1. School of Resources and Environment, Henan University of Science and Technology,
Jiaozuo 454003, China; 2. State Key Laboratory of Biopharmaceutical Preparation and
Delivery, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China;
3. Hunan Aowei Technology Co. , Ltd. , Zhuzhou 412000, China)

Abstract: Nanofiltration (NF) technology plays an important role in the treatment of industrial high-salt
wastewater due to its high energy efficiency and environmental benefits. In this study. three commercial
nanofiltration membranes (XC-N, NF30 and NF60) were selected to investigate the relationship between
membrane structure and salt separation performance, and the optimal separation conditions for mixed salt
solutions were determined by orthogonal experiments. The results showed that all three membranes had a
separation layer composed of semi-aromatic polyamide material. Among them, the XC-N membrane had
the smallest pore size, the narrowest pore size distribution, the largest surface negative charge density,
and the highest retention rate for all six salts studied in this paper. Under mixed-salt conditions, the
optimal separation conditions were identified as follows: XC-N membrane, solution pH of 7, mixed-salt
concentration of 10 000 mg/L., salt mass ratio of 1 : 1, cross-flow pressure of 0. 3 MPa, and a flow rate of
40 L/h. Under these conditions, the separation factor of NaCl/Na, SO, reached 46. 02. These findings not
only provide valuable insights for the design and fabrication of NF membranes with high separation
performance but also offer practical guidance for their industrial applications.

Key words: nanofiltration membrane; structure-performance relationship; NaCl/Na,SO, separation; or-

thogonal experiment



