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Fig. 1 TFC/TFN preparation process and mechanism
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Table 1 Loadings and nomenclature of prepared

TFN membrane CNCs
mgg PP TMORE o CNCS Ik
i O 58 58U %
TFC 1 0.03 0
TFN-10 1 0.03 0. 01
TFN-20 1 0.03 0.02
TFN-25 1 0.03 0. 025
TFN-30 1 0.03 0.03
TFN-40 1 0.03 0. 04
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Fig. 2 Surface morphology SEM and roughness AFM of membranes
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Table 2 Elemental content and cross-linking

degree on the surface of nanofiltration membranes

s C/% N/% O/% O/N DNC/%
TFC  72.18 11.52 16.29  1.41  49.20
TEN-25 70.84 11.17 17.99  1.61  29.91
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Fig. 4 Contact angle (a) and Zeta potential (b) of TFC and TFN-25 membranes
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Fig. 6 Permeation and separation performance of TFC and TFN-25 membranes
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Fig. 8 Antifouling performance of membranes



.28 - BB 2%

5 # A

45 %

I TR A P L 70 ARIOREL RS 109 2 T 45 4 A 6. RS
TFN-25 JEAe i e HE R J7 1 2 30 0 4, (3 H x5
YL R R TIOR3 T Re S TEN-25 JEAH
AR B K (WL 5) s SERSFF AE A
JITREAR.

Y NE LI UE 3 FhS YL i A L S 8
(b)~8(d) fir 7. WIS (1% B 30 12 7 2o 8 o 30 35 S22
PR B B X — AR b T Y S IR T 4 A
HAEH  FEOA P TR B 1 P A . MR
8C)HI 8CAFPA[ LI H . BSA F1 SA il & T FE#a#
2 KT HA, R BSA A3 F B K, i SA %%
Oy 555 B TR AR IR Y AR A K 82 AT
TR RS FL A 35 2E. Yl P RS — e R E Sl
FAE » AT e R R i Y Wy OB 5 08 B 3k 3] — A4~ AH
XA RS, BT TEN-25 Xt HA BSA i1 SA
)3 T B 245k 97. 80 %, 85. 05 % T 91. 45 %
¥ TFC i, H TEN- 25 JE Y AS 7] 536 30 5 50
AP T TFC it LMK T TFC i, TEN-25
e B B S A T e v i e BT Y LR Gn &
8(e) Frw.

R T AR BRTS G I AR TS e s B AR TS e
Oy VR VR RS R T S 1T 5 s e B HE R ) G EE
R R A R i A EKYER CNCs, #m5 T
3 THT P 5 K  FE R T Y UK AR » 308> T
15 W) 55 I Y B R . A CNCs 1951 AR 1655
TRESRTE R R L 2D RS TR 5 g 2 (]
(R L HE R AR ] T s e B . SEM
EUL B7R , TEN-25 Jigeim S BUERIRE5 4 , ;X Fp 4544
RBAE TP K T 77 A 10 it DA T B 3 A3 1 1 3 A 50
SR BE, B R B U0 R ) Ts g W i it
FREZ0 P TEN - 25 B8 3 30 R I i Bt 3
PERE.

3 i

SR HIREAE Ry K AH B4, Y08 = B AR A
HUAHERAA , 38 33 55 171 2R G By K 27 48 28 40 K Ak
ARBERZ T 4 T TEN . 27 4k 2 90K fh ik
B PRSI A A i A R B M L X BRI S P T
T TFN Ry PERE.

1) TEN=-25 BRI BT 2R B BRAR G5 4
FERE B2 3G R Rk MR S PG g RS I T O—H
FEMAT A HEGE T R A

2) TEN-25 Ry 2lizKiE 2 37. 73 L/(m” -

h) . % TFC JEFETE T 65 %. [k, % Bt Na, SO, (1)
BN 96. 6720 L ARFFFE 38 R KT FEFa e k5
K, TEN-25 JEE B T R Ra E PERE.

3) TEN-25 BEidiis Yetk i TFC i %
PETE XEF A IME B A R FE R NI SR AN 3 FRARRAE
1Y), TEN - 25 5 3 B R R i T 8500, A
A AR PTG Yk fe.

S k-

[1] Li H, Chen Y, Zhang J, et al. Pilot study on nanofil-
tration membrane in advanced treatment of drinking wa-
ter[ J]. Water Sci Technol Water Sup, 2020, 20(6);
2043—2053.

[2] Lebad M S, Ballot A, Vogelsang C, et al. Removal of a
cyanotoxins mixture by loose nanofiltration membranes
applied in drinking water production [ J ]. ] Water
Process Eng, 2024, 57. 104694,

[3] Guo X, Liu C, Feng B, et al. Evaluation of membrane
fouling control for brackish water treatment using a
modified polyamide composite nanofiltration membrane
[J/OL]. 2023, 13(1):10. 3390/membrane 13010038.

[4] Li S, Bai L, Ding J, et al. Nanofiltration membranes
with salt-responsive ion valves for enhanced separation
performance in brackish water treatment: A battle a-
gainst the limitation of salt concentration[ J]. Environ
Sci Technol, 2023, 57(38); 14452—14463.

[5] LeeJ, Shin Y, Boo C, et al. Performance, limitation,
and opportunities of acid-resistant nanofiltration mem-
branes for industrial wastewater treatment[ ] |. J Membr
Sci, 2023, 666 121142.

[6] Premachandra A, O’Brien S, Perna N, ez al. Treat-
ment of complex multi-sourced industrial wastewater —
New opportunities for nanofiltration membranes [ ] ].
Chem Eng Res Des, 2021, 168 499—5009.

[7] Solouki S, Karrabi M, Eftekhari M. Application of a
functionalized thin-film composite nanofiltration mem-
brane in water desalination[ J]. ] Mol Liq, 2024, 399.
124399.

[8] Usman J, Yogarathinam L T, Baig N, et al. MXene-
enhanced sulfonated TFN nanofiltration membranes for
improved desalination performance [ ] ]. Desalination,
2024, 581 117566.

[9] Kim SM, Hong S, Duy Nguyen B T, et al. Effect of
additives during interfacial polymerization reaction for
fabrication of organic solvent nanofiltration ( OSN)
membranes[ J/OL]. 2021, 13 (11): 10. 3390/polym



%1 FHREE LT ERYOR BIA T 1R AR &DUE PSSl i 2 S e © 29 -
13111716. with cellulose nanocrystals with superior anti-organic

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

EHR, XM, TR, 5, PPk B TN R AR 1 i 45
Repois ferkgeioe ). BERkE S5HOR, 2021, 41(6) .
51—59.

Guw Y, Li TY, Xiao K, etal. Key foulants and their
interactive effect in organic fouling of nanofiltration
membranes[ ] |. ] Membr Sci, 2020, 610. 118252.
Yang Y, Chen Z, Zhang ], et al. Preparation and ap-
plications of the cellulose nanocrystal[ J]. Int J Polym
Sci, 2019, 2019(1) . 1767028.

Nagarajan K J, Ramanujam N R. Sanjay M R, et al.
A comprehensive review on cellulose nanocrystals and
cellulose nanofibers: pretreatment, preparation, and
characterization[ ] ]. Polym Compos, 2021, 42 (4);
1588—1630.

Huang S, Wu M B, Zhu C Y, ez al. Polyamide nano-
filtration membranes incorporated with cellulose nano-
crystals for enhanced water flux and chlorine resistance
[J]. ACS Sustain Chem Eng, 2019, 7(14). 12315—
12322.

Bai L, Liu Y, Ding A, et al. Fabrication and charac-
terization of thin—film composite (TFC) nanofiltration
membranes incorporated with cellulose nanocrystals
(CNCs) for enhanced desalination performance and dye
removal[ J]. Chem Eng J, 2019, 358; 1519—1528.
Lai C, Zhu X, LiJ, et al. pH-regulated interfacially
polymerized nanofiltration membranes to achieve high
separation of NOM and moderate desalination for puri-
fying ground water [ J]. Desalination, 2022, 544.
116148.

YuH Y, Yao ] M. Reinforcing properties of bacterial
polyester with different cellulose nanocrystals via mod-
ulating hydrogen bonds [J]. Compos Sci Technol,
2016, 136: 53—60.

Zhang H, Chen Y, Tang S, et al. Regulation of inter-
facial polymerization process based on reversible enam-
ine reaction for high performance nanofiltration mem-
brane[ J]. ] Membr Sci, 2022, 664.: 121070.

Wang Y, Yang Z, Liu L, et al. Construction of high
performance thin-film nanocomposite nanofiltration
membrane by incorporation of hydrophobic MOF-de-
rived nanocages [ J . Appl Surf Sci, 2021, 570.
151093.

Rahimi K Y, Rahbari S M, Ghadami J G A. Thin film

nanocomposite nanofiltration membrane incorporated

[21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

fouling affinity[ J]. Environ Sci: Water Res Technol,
2020, 6(3): 715—723.

Liu L, Wu W, Jin X, etal. Interfacial polymerization
on polyethersulfone ultrafiltration membrane to pre-
pare nanofiltration layers for dye separation[ J/OL].
2023, 15(9):10. 339/polym15092018.
Zhu Q Y, XuZ Y, Fu]J H, et al.
charged NF membrane directly obtained by the interfa-
cial polymerization of PIP and TMC? [J]. Desalina-
tion, 2023, 558 116623.

Liu S, Wang Z, Zhao L, et al. Troger’s base-regula-

Can the mix-

ted interfacial polymerization of polyamide nanofiltra-
tion membranes with enhanced performance []J]. ]
Membr Sci, 2023, 682 121787.

Tang S, Chen Y, Zhang H, et al. A novel loose nano-
filtration membrane with high permeance and anti-foul-
ing performance based on aqueous monomer piperazine-
2-carboxylic acid for efficient dye/salt separation[ ]].
Chem Eng J, 2023, 475. 146111.

Fang S, Guan K, Mai Z, et al. Complexation of cellu-
lose nanocrystals and amine monomer for improved in-
terfacial polymerization of nanofiltration membrane[ J].
J Membr Sci, 2023, 687, 122048.

Abedi F, Dubé M A, Emadzadeh D, et al. Improving
nanofiltration performance using modified cellulose
nanocrystal-based TFN membranes| J |. J Membr Sci,
2023, 670. 121369.

Adeniyi A, Gonzalez O D, Pochat B C, eral. Incorpo-
ration of cellulose nanocrystals (CNC) derived from
sawdust into polyamide thin-film composite membranes
for enhanced water recovery[ J]. Alex Eng J, 2020, 59
(6): 4201—4210.

Shang Z, An X, Seta F T, eral. Improving dispersion
stability of hydrochloric acid hydrolyzed cellulose nano-
crystals[ J]. Carbohydr Polym, 2019, 222; 115037.
LiY, LiJ, Zhu D, et al. Facile dual-functionalization
of NF membranes with excellent chlorine resistance
and good antifouling property by in-situ grafting of
zwitterions [ J ].  Sep Purif Technol, 2023, 315:
123660.

He Y, Miao J, Jiang Z, et al. Improving the anti-foul-
ing property and permeate flux of hollow fiber compos-
ite nanofiltration membrane using B-cyclodextrin[J].

Sci Rep. 2019, 9(1); 12435,
(%5 39 W)



414 Wk - pH XTSRRI IES Y ) R0 S )24y © 39 -

The surface properties of the foulants were characterized using Zeta potential analysis and contact angle
measurement, and interfacial thermodynamic modeling was conducted with the extended Derjaguin-
Landau-Verwey-Overbeek (XDLVO) theory to investigate the underlying mechanisms thoroughly. Results
indicated that under different pH environments, electrostatic repulsion between foulants and changes in
interfacial free energy between the foulants and the membrane were critical factors influencing fouling
behavior. These findings provide important theoretical support for understanding membrane fouling
phenomena and offer new perspectives and strategies for developing effective fouling control measures.

Key words: ultrafiltration; membrane fouling; sodium alginate; pH; thermodynamic analysis
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Preparation of high-flux composite nanofiltration membranes based on
interfacial polymerization of cellulose nanocrystals for resistance
to organic contamination

FENG Guizhen, ZHANG Huomei , CHEN Jun, MO Kailin, CUI Zhicheng
(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract; To enhance the permeation separation and antifouling properties of traditional polyamide
nanofiltration membranes, hydrophilic cellulose nanocrystals (CNCs) were introduced into the polyamide
layer of the nanofiltration membrane through interfacial polymerization, resulting in the preparation of
antifouling cellulose nanocrystal composite nanofiltration membranes ( TFN-25 membranes). The TFN-
25 membranes were characterized using techniques such as scanning electron microscopy (SEM) and Zeta
potential measurements. The impact of CNCs on the surface morphology, structure, permeation
separation, and antifouling properties of the nanofiltration membranes was investigated. The results
demonstrated that the surface of the TFN-25 membrane developed a spherical structure, increased
roughness, enhanced hydrophilicity, and a more negative electrical charge. Under an operating pressure of
0.4 MPa, the TFN-25 membrane exhibited a pure water flux of 37. 73 L./(m® + h) and a Na, SO, rejection
rate of 96. 67%. It maintained good stability during a 21 hours desalination test. The flux recovery rates of
the TFN - 25 membrane for humic acids bovine serum albumin, and sodium alginate were 97. 80%,
85.05%, and 91.45%, respectively, indicating improved antifouling performance.

Key words: cellulose nanocrystals; interfacial polymerization; composite nanofiltration membranes; anti-

contamination.
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