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flux and tensile strength of membrane
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Table 1 Atomic percentage of elemental of the membrane surface by XPS
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Table 2 The atomic percentage of elemental on the membrane pore wall of modified membrane
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Mo 31.90 52. 41 6. 38 1. 37 7.94 0. 00
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Nl 8 iz AR - AR G PR M3 ARER T
BB PR M2, Al i A — E A B TR
AT B — AR THT SR AN BEAT R e MR A i 7K e B Y
L RARAA R TR S PR M3 AL T — 1y
AR M F 207K 3 BR8N BE Y i e
Ee 6 mIA5 . M3 AT M1 Bk S fil A A R 1Y
REAER L SRR T AN A ) A A e P 0 BB ) 23 7K
PEARERF BRI T BT, 2553 1 1Y XPS ISR
2 1) EDS &5 28 A AU RE A% fiff 52 1 015 L 1 e
T A4 K AT B4R 55 K 201 RS B4 5 1 il aod i
FLIE  ALAE /N 12547 3 0 2k e i AR AR A i

PEARRERA 2R A £ BE R EA 7 3K At R
A~ TS R ] 45 79 PVDE-CTFE SRk
AT SO E 7 vk REA B4R TR A 2K 3
2.5 BMFEXESUS R R R

P9 Jir s g AN TR) 8 D 9 o A — Ak i o 1) 2
Wi AT L Y A - TR 45 i PE RS M3 SR B i
AHXS B BT Pk E. 18 A 0 3 ) b T ik
BSA 3 f5 52 il 28 A5 M A7 20 s Al LU RS A
Rl PETT 30 T PVDF - CTFE JBATT5 Yt RE4R w5
B MR ZE S ] 10 s, B RHTT5 Ytk fE 32
B IR SR K LA SR T T AL AT O A S

|



- 128 - BB 2%

8 A4

5000F
4000}
3000F |
2000+

1000

4fi7K 3 2 /(L -m?-h-MPa™)

B 8 NIRRTy i ok B i 7K 388 i 11 5 M
Fig. 8 Effect of different modification methods

on membrane pure water flux

100 + —=— M-0
L —— M-1
—— M-2
o 80F \§
2 J —— M-3
S A
I~ \'\v
i 60| \_\Sé§ T
21 Tt
T 40t
g L
20+
0

500 1000 1500 2000 2500
i (a] /s

19 AN Btk T B it IH — Ak 3 £ 1) 52

Fig. 9 Effects of different modification methods

on normalized flux

1400
1200
1000F
800
600
400
200

BSA it 5 /(L -mh-MPa)

500 1500 2500 3500
R EIA
B 10 AR ok 5 5t BSA i 2 =0 26 1 52 )
Fig. 10 Effect of different modification methods

on BSA flux decay curve
W Zeta L0718 6 AYZKFEm AR DL (&1 8 1Y 4l 7K 3
(45 SR AT AT, BARA A - R TR 5 i PR M3 FiAS {4
et M1 A2 7K AT, 5 M3 B IR T 5 | i
T MR SOF™ K He il LA S JBESR T Zeta (B 5
A R T e AR EL AR L 6 i B 7S e ) BSA B
AAREF A HE R ROR 5 EORAAR - R A& v M3
MR PE M2 R Zeta HLALHIK 3 fih £ AR 1T

{H M3 ELA B ey A 2 7Kl e JIE L 2R K P A 52
RERE A I UK )R - B R B 1175 By 5
T AL A, W/ BSA 7E R 18 1 W BT R I 7
P10 A AR - TR A5 A PR R M3 AR T — 1
APRDCPERRE M1 LR — SR T AR M2 HAT 54
TS Gtk BE.

3 4

BERSAAR B E FPm AR 2K P B 22 1 U Y
PSR g FEARR » LA ARG I 01 ) 2 T B T i
e A PR, S TS Yok RE AT AN BT ALH g ) ) A
A8t T A TP AR AR SO AV P /N A
PRATHT AV R 2 b SO J7 35 AR 25 5 il 4 B T e
PVDF-CTFE BB FFXF b T — 2 Pk 05 i A
P BPETT YRR AR RE A2 M. S5 R3] R 5
PRy i AL il § e E N R e S s 1RV T (B
R Sl ey el 97, 7O 41, 8, FROK MR FI
TR i HAE AN W JIE 7 {6 550 7 0 4 7K 3
AR TRD 4 g 1 Fi A T Qe M 0TS e PERE L 2
— P95 T PVDE - CTFE K Pk L KRBt is
EVERERI A ROTIE.

S 3Rk :

[1] Guan Y, Qing I, Chen W, ez al. Interaction between hu-
mic acid and protein in membrane fouling process: A spec-
troscopic insight[J]. Water Res, 2018, 145; 146—152.

[2] Geng C, Fan L, Niu H, et al. Improved anti-organic
fouling and antibacterial properties of PVDF ultrafiltra-
tion membrane by one-step grafting imidazolei-function-
alized graphene oxide[ ]J]. Mater Sci Eng, C, 2021,
131. 112517,

[3] Kang G, Cao Y. Application and modification of poly
(vinylidene fluoride) (PVDF) membranes — A review
[J7. J Membr Sci, 2014, 463; 145—165.

(4] Zhang Q. Zhang S, Zhang Y. et al. Preparation of
PVDF/PVC composite membrane for wastewater purifi-
cation J]. Desalination Water Treat, 2013, 51(19/20/
21): 3854—3857.

[5] Sousa R, Kundu M, Goren A, et al. Poly(vinylidene flu-
oride-co-chlorotrifluoroethylene) (PVDF-CTFE) lithiunr
ion battery separator membranes prepared by phase inver-
sion[J]. Rsc Adv, 2015, 5(110): 90428—90436.

(6] PhEFT, Bbede. L B4 R M- =AM
BB E Tk g 0], IRk 5 R, 2020, 40
(5): 47—53.



54

FIRTEE PTG Y PVDF- CTFE JBHE S AR K RS

+ 129 -

[7] Koh J, Kim Y, Park J, et al. Nanofiltration mem-
branes based on poly(vinylidene fluoride-co-chlorotriflu-
oroethylene )-graft-poly ( styrene sulfonic acid) [ J].
Polym Adv Technol, 2008, 19(11).: 1643—1648.

[8] Liu F, Abed M, Li K. Hydrophilic modification of
P(VDF-co-CTFE) porous membranes[ ] ]. Chem Eng ],
2011, 66(1). 27—35.

[9] Kharraz J, An A. Patterned superhydrophobic polyvinyli-
dene fluoride (PVDF) membranes for membrane distil-
lation: Enhanced flux with improved fouling and wetting
resistance] J . J Membr Sci, 2020, 595: 117596.

[10] Zheng S, Lu X, Wu C, etal. Study on the reconstruc-
tion of crystalline polymer porous membrane pore
channels via confined-region swelling effect[ J]. Sep
Purif Technol, 2022, 293. 121090.

[11] Kong X, Sun Y, Lu X, et al. Facile preparation of per-
sistently hydrophilic poly ( vinylidene fluoride-co-trifluoro-
chloroethylene) membrane based on in-situ substitution re-
action[ J ]. ] Membr Sci, 2020, 609, 118223.

[12] ZhuK, Zhang S, Luan J, et al. Fabrication of ultrafil-
tration membranes with enhanced antifouling capability
and stable mechanical properties via the strategies of
blending and crosslinking [ J]. J Membr Sci, 2017,
509: 116—127.

[13] Di Vincenzo M, Barboiu M, Tiraferri A, et al. Polyol-

functionalized thin-film composite membranes with im-

[14]

[16]

[17]

[18]

[19]

proved transport properties and boron removal in re-
verse osmosis| ] |. ] Membr Scis 2017, 540, 71—77.
Hu Q, Zhou F, Lu H, et al. Improved antifouling
performance of a polyamide composite reverse osmosis
membrane by surface grafting of dialdehyde carboxym-
ethyl cellulose (DACMC) [J]. J Membr Sci, 2020,
620 118843.

Wang F, Zhu H, Zhang H. er al. Effect of surface
hydrophilic modification on the wettability, surface
charge property and separation performance of PTFE
membrane[ J ]. ] Water Process, 2015, 8: 11—18.
Sun C, Feng X. Enhancing the performance of PVDF
membranes by hydrophilic surface modification via amine
treatment| J ]. Sep Purif Technol, 2017, 185: 94—102.
Davenport D, Lee J, Elimelech M. Efficacy of anti-
fouling modification of ultrafiltration membranes by
grafting zwitterionic polymer brushes[]J]. Sep Purif
Technol, 2017, 189. 389—398.

Ma R, Lu X, Kong X, etal. A method of controllable
positive-charged modification of PVDF — CTFE mem-
brane surface based on C—Cl active site[ J]. ] Membr
Sci, 2021, 620 118936.

Ming Y, Zhang Y, Sun S, et al. Properties of polyvi-
nyl chloride (PVC) ultrafiltration membrane improved
by lignin: Hydrophilicity and antifouling[ J]. ] Membr
Sci, 2019, 575: 50—259.

Study on hydrophilic modification of anti-pollution
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and Engineering, Institute of Biochemical Engineering, Tiangong University, 300387, China;

2. State Key Laboratory of Membrane Materials and Membrane Applications, Tianjin Motimo
Membrane Technology Co. , Ltd. , Tianjin 300457, China)

Abstract; Membrane fouling can be mitigated by improving the hydrophilicity of the membrane through

bulk modification or surface modification. However, too many hydrophilic substances added to the bulk

modification will cause the membrane to swell, resulting in a decrease in the tensile strength of the

membrane. Surface modification of grafted macromolecules may cause pore plugging on the membrane

surface and reduce membrane flux. In this paper, the hydrophilic modification of the membrane is carried

out by coupling the two methods of bulk modification and small molecule surface modification, which is
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Study on CO,/N, separation performance of polyethyleneimine-modified
polyamide thin-film composite reverse osmosis membrane

CHEN Fangzheng', CUI Wanxiang', ZHUANG Linjia', ZHAO Kejun',

WANG Jinjia', HUANG Hai*, YU Sanchuan®
(1. Zhejiang Zheneng Natural Gas Co. . Ltd. , Hangzhou 310008, China;
2. School of Chemistry and Chemical Engineering, Zhejiang Sci-Tech University,
Hangzhou 310018, China)

Abstract: Traditional carbon dioxide (CO,) separation membranes are subject to the “Trade—off” effect,
which makes it difficult to realize the simultaneous improvement of permeability and separation selectivity.
In this study, polyethyleneimine (PEID) was selected as amine-based carrier molecules and loaded onto the
surface of commercial polyamide (PA) composite reverse osmosis membrane by electrostatic deposition to
prepare composite PEI-PA membrane for the facilitated transport of CO,. The influences of membrane
fabrication and separation process conditions on the CO,/N, separation performance of the obtained PEI-
PA membrane were systematically investigated. The study of membrane preparation showed that the CO,
permeability of the composite membrane increased with the concentration of PEI in a certain range. And
the amine groups in the PEI modified layer had ideal transport activity of CO; at the neutral pH. Under the
optimal modification conditions (2. 0% mass fraction of PEI with molecular mass of 1 800 g/mol, pH=7),
the CO, permeability and CO, /N, selectivity of the composite membrane could reach 96. 9 GPU and 90. 0,
which were 37. 8% and 22. 4% higher than unmodified membranes, respectively. Separation performance
test showed that the CO, permeation increased with the pressure in a certain range. But it would approach
saturation and become lower in growth proportion than N, , resulting in attenuation of the CO, permeation
ratio and CO, /N, selectivity. Besides, the increase of gas temperature and flow rate significantly increased
N, permeation, resulting in selectivity decline. Above results verify the feasibility of transforming reverse
osmosis membranes into CO, separation membranes, which provides a reliable basis for industrial scale-up
practice.

Key words: carbon dioxide; facilitated transport; polyethyleneimine; membrane separation
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expected to break the limitations of a single modification method and better improve the anti-fouling
performance of the membrane. In this paper, meglumine was first used to modify the bulk of the
polyvinylidene fluoride-trifluoroethylene (PVDF-CTFE) membrane, and then the surface of the modified
PVDF-CTFE membrane was modified by small molecule taurine. The results show that compared with the
single bulk modified membrane, the water contact angle of the membrane prepared by the bulk-surface
coupling modification method is reduced from 91. 5° to 41. 8°, the hydrophilicity of the membrane surface is
greatly improved, and the filtration flux of BSA is significantly improved. Compared with the single
surface modified membrane, the pure water flux of the membrane prepared by the bulk-surface coupling
modification method increased from 3 394 1./(m? « h « MPa) to 4 743 L./(m? « h » MPa). The bulk-surface
coupling modification method enables the two modification methods to produce a synergistic effect, which
can effectively improve the pure water flux, hydrophilicity and anti-fouling performance.

Key words: PVDF-CTFE; meglumine; taurine; bulk modification; surface modification



