HoKFE AR 2025,44(1) :55-64,73 Water Purification Technology

op, B, XA, . HTOORARACBE Y w R R AT AL AN BB RN (1], ok AR, 2025, 44(1) : 55-64,73.
ZHANG Z, DUAN D, LIU Y L, et al. Experimental performance of commercial nanofiltration membranes with high desalinization rate for drinking water

treatment [ J]. Water Purification Technology, 2025, 44(1) : 55-64,73.

T Ak ab I8 B B EE 2R 7 an 05 R M RE i I
o B & XA ERET
(1. [P RFARER2E S TRSBE, LifE 20009252, B T AR IR BB <R > RA R, B 200092)

W OE [B/) FEIREDCERT, 1B KK I R K TR A AR o K R A, T K B AT B 2 5, T B K
T R3S F B AR, [ AiE] I s XTI 5T T 6 iR T 7 50 43 i DX 7K Ah 3104 v I 4 R ot 498 0 o P 42
i, IRIEXT 6 Fhgh U LAY 25 Fh R AL T, ISR TIE 5L B ReF SR LA HLRE B EEK M SR L — — AT T PR R
TESTHIER ; [R] B 30 38 5 B DRSO PR T T 6 g e i oot ik e, LR G G RS A 217K 38 i Pk e 0 A5 LA A TS AL AR (9 3 7
AELL BB KT I8 4 FIOMERER L, [HER] S5REW .6 FOnERn 4k B 3E REHE 12~16 L/(m® -h-bar) (1 bar=
0.1 MPa) B & PERE 232 B ISR DRDRE 2 | S KM FLAR 070 55 B3 ) 5 42 075 75 T 2R I i 491 DR JBE T~ 45 Bl JC AL 6 1) 48K BR e 40
TE 90% LA L, 105 75 1% B Bk e AN IR X S AL M 24 409% I BA 28, X LA TOATL 3 i) 4R BR R AE 90% L b, ik 6 Fh g Xy
TA IR RIIAE 70% LA_E %50 5 8 58RI 7E 90% L b Bl FREFLAR g e ooy 45 1 25 31, %o B 1 56 A S Ak 4 1) 4%
AR 25 57, T SO 10 006 P T2 R o 1 B 7 o BB BB X A R B SRR BN EER . [ 48] BRI BRIz
R H50m 1) SR K AT R B T 4 05 A 1 3R Tk P 4 D P 190 38 /K 5 350 /IN L A 40 v (18 RSP LA 1) 490 0 B el A 3 R i R 2 119
KIw O EHbK  gnE mREEUK ToPlE: R

FESES: TU91 XEAPRERD . A XEHS: 1009-0177(2025)01-0055-11

DOI: 10. 15890/j. cnki. jsjs. 2025. 01. 007

Experimental Performance of Commercial Nanofiltration Membranes with High

Desalinization Rate for Drinking Water Treatment

ZHANG Zhong' , DUAN Dong’, LIU Yanling', XIA Shengji" *

(1. College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China;
2. Shanghai Municipal Engineering Design Institute <Group> Co. , Lid. , Shanghai 200092, China)

Abstract [ Objective] In some cities of the north China, municipal drinking water sources are composed of water from South-to-
North water diversion project and local water sources, and there are significant differences in water quality between them. Municipal
water supply faces the problem of " different quality in the same city". [ Methods]  The performance of six kinds of commercial
nanofiltration membranes with high desalination rate used for raw water treatment in some areas of north China was studied in this
experiment. The physical and chemical properties of six nanofiliration membranes, including surface morphology, functional groups,
elemental composition, roughness, hydrophilicity and surface electricity, were characterized and studied in detail. At the same time,
the filtration performance of six kinds of nanofiltration membranes was investigated by membrane filtration test, including the
permeability of pure water, the retention of organic matters and inorganic salts, and the performance under simulated raw water filtration
conditions. [ Results] The results showed that the pure water permeability coefficients of the six nanofiltration membranes were 12 ~

16 L/(m*+h-bar) (1 bar=0. 1 MPa) , which were mainly affected by the surface roughness, hydrophilicity and pore size distribution of
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membranes. The retention rates of fully aromatic polyamide nanofiltration membranes for various inorganic salts were more than 90%.
The retention rates of semi-aromatic polyamide nanofiltration membranes for sodium chloride were about 40% , while the retention rates
for other inorganic salts were also more than 90%. All the six selected nanofiltration membranes exhibited a retention rates over 70% for
organic matter and that over 90% for hardness. However, due to the differences in membrane pore size and surface charge, the
retention rates of sulfate and chloride salts were different among the membranes. The denser active layer and more surface negative
charges could make the chloride retention rates of the membranes meet the requirements. [ Conclusion]  Higher roughness, lower
crosslinking degree and stronger hydrophilicity are beneficial to improve the water permeability of all aromatic polyamide nanofiltration
membranes. The small and concentrated pore size of nanofiltration membrane is conducive to the removal of hardness and sulfate.

Keywords municipal water supply nanofiltration( NF) high hardness water inorganic salt retention rate
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Fig. 1 SEM Images of Six Nanofiltration Membranes ( Amplification 20 000)
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Fig.2 FTIR Spectra of Six Nanofiltration Membranes
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Fig.3 XPS Images of Six Nanofiltration Membranes
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Fig. 4 AFM Images of Six Nanofiltration Membranes
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Tab.2 Retention Rates of Six Nanofiltration Membranes for Different Organic Compounds

HHLFE NF1 NF2 NF4 NF5 NF6
i 86. 9% 88. 0% 94. 4% 95. 7% 81.9% 33.0%
M 94. 5% 97. 1% 98.7% 99.2% 95.3% 82.3%

2 96.7% 97. 1% 98.7% 99.2% 95.9% 94. 9%
HEwE 97.2% 98. 1% 99. 0% 99. 5% 96. 8% 99.2%
T H 97.3% 98.3% 99. 0% 99. 5% 96. 9% 99. 2%
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Fig. 8 Molecular Weight Cut-Off and Pore Size Distribution of Six Nanofiltration Membranes

HIR R 6 Fhyhug XS TOHLER AR e BE . A
TRIRHEIL 5 FhICHLER A W E 74 U8k, B 9 M4
PRUEREXT AR TCHLER R B R B, AN TRl DL
i NF1~NF5 X 45 Fp o ALk 19 #K B8 SR #R7E 90%
DI E NF6 JE{L NaCl B4 AKX T 90%, Hrh NF4
A 25 TCHLER R PR R I 1E 98% L) I, 6 il i B st
F Na,SO, [ # B4 F#AH X5 5, H Na,S0, & T
MgSO, . 75 HIRAMIEMEXT CaCl, MgCl, HY#E B %

AHIE (MgCl, W) , ELAIKF NaCl B 888 5 12 55
TN IENE NF6 XF NaCl [ B8 R e ik, 49 g s xt
ANTRITCHLER 1 BA R 110 25 57 A2 MESFLAR /NN 2 T g L
PEFZ I | S22 (B B L 38 R RN A FL RN, 3 F A ER
PLEL [EFE P AT S8

VENTF FNIEIER NF6 iR, IEFLARE K, L
HXF NaCl O B R I A T HAY 5 Fh &5 F 9N
B, 7E 2. 1.6 /NTT R4 3] 7ER B LR R b, 3R



B op B

£ XA A
FHTIHIK A BR A o5 I A 5 B i 2 D8 A BE U

Vol. 44, No. 1,2025

[ Inaso [ AAMzs0, BN cacl, [ IMecL, ] Nac
100% . —
A = zz |V ] I
age, - 8
o 1 i[a ) /: = 1]
b A | N N ™
Q6% 1] ’.i /\ N - ]
/{:} o) g \ g ||
945 | KR A AR A LA
N N AN N
s 9% ™ ﬁt_ /\ N %:‘I[ ™
BE N I
g2 LN N /] AN AN AN
m I AL l
A7 ] \ N A N
o i~ M M ™ ]
3 1 11
4005 - :.: /].\ /\ Y B /\
A 1 1
3895 - ;‘\ ™ ™ /‘\ /Q ™
N N N AN N N
169 I AN ™N N
o« NI [N \ \
NF1 NF2 NE3 NEd NE3 NEF®
Yk e e

9 NIRRT TCHLER AR A
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Tab.3  Quality of Simulated Raw Water and Finished Water in Filtration Tests
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Fig. 11 Retention Rates of DOC, Conductivity and

Hardness of Nanofiltration Membranes under

Simulated Filtered Raw Water
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Fig. 12 lon Retention Rates of Nanofiltration Membranes for
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