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1. Supplementary Experimental Methods

1.1 Supplementary Materials

Trimesoyl chloride (TMC > 98.0%), piperazine anhydrous (PIP > 98.0%) and poly(ethylene
oxide) (PEO) with different molecular weights were purchased from Adamas reagent co., Ltd.,
Sodium chloride (NaCl > 99.0%), sodium sulfate (Na;SOs > 99.0%), magnesium sulfate
(MgSO4 > 99.0%), magnesium chloride (MgCl> > 99.0%), and calcium chloride (CaCl, >
99.0%) were obtained from Aladdin industrial corporation (Shanghai, China). Hydrogen
chloride (HCI > 36.0%), n-hexane (CioHz22 > 99.0%) were purchased from Sinopharm
Chemical Reagent (Shanghai, China). Ethylene glycol (62.1 Da) and a series of polyethylene

glycol (PEG) with different molecular weights were purchased from Kermal, Tianjin, China.

3,5-diformylphenylboronic acid (DFPBA, 99.0%) and 2,5-diethoxyterephthalohydrazide
(DETH, 99.0%) were purchased from Shanghai Tenggian Biological Technology Co., Ltd.
(Shanghai, China). Polysulfone (PSf) support was provided by Beijing Sapruite Equipment Co.,
Ltd. (Beijing, China). It is noted that the molecular weight cut-off (MWCO) of PSf membrane
support was measured to be 327 KDa, with an average pore diameter of 20.58 nm
(Supplementary Fig. 29 and Table 3). Details for measuring the MWCO and pore size of PSf

support are shown later in Supplementary Information.

1.2 Monomer storage capacity measurements of supports
A 10 mL 0.1 wt% PIP-water aqueous solution was pumped onto the PSf support at 0.2 bar
via vacuum filtration. Then, 1.5 mL of the filtrate solution was extracted at different times, the

PIP concentration was measured with a UV-VIS spectrophotometer (UV-1800CHI240V, Japan),
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and then reversed.

1.3 Calculation of membrane surface crosslinking degree

To calculate the cross-linking degree of polyamide active layer, the O/N ratio of active layer
measured by X-ray photoelectron spectroscopy (XPS) was introduced into the Supplementary
Eq. equation (1) 12

O 3X+4Y

N 3X+2Y

(1)
respectively. The cross-linking degree (C, %) was then calculated according to Supplementary
Eq. equation (2):

C=—— Q)

1.4 Molecular weight cut-off (MWCO) and pore size distribution
The MWCO of the PSf membrane support was determined by filtration of uncharged model
glycol, polyethylene glycol (PEG, and poly(ethylene oxide) (PEO) with average molecular
weights of 62.1, 200, 400, 600, 800, 1000, 20000, 100000, 300000 and 400000 Da, respectively.
For PSft support, the rejection (RE) of the 200 mg/L solution was evaluated at a pressure of 4
bar. For as-prepared membranes, the RE of 1000 mg/L solution was evaluated at a pressure of
4 bar. Uncharged model glycol, PEG, and PEO concentrations were measured using total
organic carbon (TOC). The RE (%) is calculated from measured feed (C1, g L!) and permeate
concentration (Ca, g L™!) using the following Supplementary Eq. equation (3):
RE=(1- %)X 100% 3)

When RE=90%, the MWCO of the composite membrane is the molecular weight of PEG



and PEO solute. The pore size information (i.e. pore radius distribution and mean pore radius)
was obtained by using the lognormal model between solute retention rate and solute Stokes
radius. From the average molecular weight of PEG solute, the Stokes radius can be calculated
by the Supplementary Eq. (4-5)°:

r=16.73 x 1072 x M, (4)

For PEO:

r=10.44 x 10712 x M, 0% (5)
In the equations, Mw is in grams g/mol. Assuming that there are no spatial and hydrodynamic
interactions between PEG or PEO solute and membrane pores, the pore size distribution of the

membrane can be obtained by the following Supplementary Eq. equation (6):

Ry 1 . (nd,—Inp )’
dd,  d Ino,V2n 2(In g,y

(6)

where up 1s the mean effective pore radius which is determined at the PEG and PEO rejection
of RE = 50% and o, 1s the geometric standard deviation, which is defined as the ratio of d, at
RE = 84.13% over that at RE = 50%. The membrane pore size distribution can then be

calculated from the probability density function based on the value of y, and o,

1.5 Material characterization methods

Surface physicochemical properties (e.g., elemental composition, thermostability,
hydrophilicity, structure and surface charge) and morphology were determined by X-ray
photoelectron spectroscopy (XPS), powder X-ray diffractometry (PXRD), atomic force
microscopy (AFM), scanning electron microscopy (SEM), Transmission electron microscopy

(TEM), thermogravimetric analysis (TGA), attenuated total reflection Fourier transform
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infrared (ATR-FTIR) spectroscopy, water contact angle (WCA) goniometry, Brunauer—
Emmett-Teller (BET) and zeta potential measurements. PXRD analyses of the membranes
were carried out on a PANalytical X'Pert Pro (PANalytical, The Netherlands) in the scanning
range of 20 between 5° and 60° (for materials, the scanning range of 26 between 0.5° and 30°),
using copper K-a as the source of radiation and a step size of 0.02°. XPS (K-alpha, Thermo
Fisher, USA) was used to analyze the surface chemical functionality. The cross-sectional and
surface morphologies of the membrane were examined with scanning electron microscopy
(SEM, JSM-6700F, JEOL, Japan) operating at 10.0 kV. The TGA measurements (NETZSCH
TG 209, Germany) were carried out under a nitrogen atmosphere from room temperature to
650 °C, with a heating rate of 10 °C/min. Transmission electron microscopy (TEM, FEI
TalosF200S, Czech) was used to examine morphology of samples and the thickness of the
MONSs mesh deposited for the different loadings. The membrane surface morphologies and
roughness parameters were investigated using AFM (Bruker Dimension Fastscan, USA) at the
ScanAsyst mode. The WCAs (OCA25, Dataphysics instruments, Germany) of the membranes
were measured by a contact angle goniometer (Maist Drop Meter A-100P) equipped with a
highspeed charge-coupled device (CCD) camera via the sessile drop method. The zeta potential
values of the membranes were recorded through a SurPASS™ 3 electrokinetic analyzer (Anton
Paar, Graz, Austria) with an adjustable gap cell. The zeta potential values were determined in
a background electrolyte of 1 mM KCI solution, over a pH range from 3 to 10 at room
temperature. ATR-FTIR spectroscopy (4000—400 cm ') was collected on the samples using a
FTIR spectrometer (FT-IR, Thermo Nicolet Corporation, USA). The phosphorus and boron

concentration were determined by inductively coupled plasma (ICP-OES, ICPE-9820, Japan).



The porosity of the materials was measured by BET (Quantachrome, ASAP 2460 3.01, USA).
PIP concentration was measured with a UV-VIS spectrophotometer (UV-1800CHI240V, Japan).
The concentration of PEG and PEO solution was determined using a TOC-VCPH analyzer
(Shimadzu, Japan) to calculate molecular weight cut-off (MWCO). The free volumes of the
TFC and N-TFN membranes were measured by positron annihilation technique (PALS,
DPLS3000). The radioactive source is a 22Na isotope with positron energies ranging from 0 to

545 keV.

1.6 Computational simulations
1.6.1 Simulated powder X-ray diffraction (PXRD) patterns

The representative COF-OEt structure, consisting of 6 B, 24 O, 126 C, 24 N, and 114 H
atoms, was constructed in a rhombic cell with lattice parameters of a =b = 38.55 A and ¢ =
4.07 A. The initial COF-OEt was fully optimized using the Forcite module of Materials Studio.
The NT-OEt structure was obtained based on the optimized COF-OEt structure, after
completing the following two steps. The B—O six-membered rings of the relaxed COF-OEt
optimized structure were deleted, and the unsaturated C atom from the benzene ring was
terminated by a H atom. The corresponding simulated PXRD patterns for the COF-OEt

structures were computed via the Reflex module of Materials Studio.

1.6.2 Molecular dynamics (MD) and mean square displacement (MSD) computations
Molecular dynamics (MD) simulations were carried out to calculate the diffusion rate of PIP

molecules in water solution in the TFC and N-TFN membranes (Fig. 3g and h). The diffusion



coefficients of the PIP molecules in water solution can be estimated from the slope of the mean
square displacement (MSD) curves in Fig. 3i, using the Einstein relationship®. All MD
simulations were performed using the Forcite module in Materials Studio. With a constant PIP:
water weight ratio of 15:85, the PIP and water molecules were packed in a cubic simulation
box with side length of 40 A. In a separate analogous simulation, the same PIP/water-
containing cubic simulation box was constructed, but six NT-OEt nanotubes were also added.
The Forcite module and COMPASS force field were employed to optimize the two above
systems, and the MD simulations were run in the NVT ensemble (T = 298 K) with a time step
of 1.0 fs and a total simulation time of 300 ps. The data were collected from the final 150 ps

for analyzing. Periodic boundary conditions were applied in all three dimensions.

1.6.3 Hole distribution and characterization

PIP and TMC molecules with a weight ratio of 15:85 were packed in one cubic cell with a
side length of 40 A; this system was marked as TFC membrane. For the PIP/TMC/nanotube
system (marked as N-TFN membrane), the weight ratio between PIP and TMC was still kept
at 15:85. Energy minimization was performed for the above two systems, using the Forcite
module of Materials Studio with the COMPASS force field. After obtaining equilibrium
structures, Zeo++ % was used to analyze voids, including pore size distribution with a probe
radius of 1.2 A and pore landscape analysis. Here, the pore landscape was characterized based
on the pore count under different pore size and number of rays, which was relative to the probe-
accessible space. The pore size distribution data obtained from the Zeo++ code was visualized

by the Vislt tool °.
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1.6.4 Radial distribution functions (RDFs) and number of water molecules

PIP, TMC, and water molecules with a molar ratio of 1:1:12 were packed in one cubic cell
where each dimension was 40 A. For the PIP/TMC/water/tube system, the molar ratio of PIP,
TMC, and water molecules was still kept at 1:1:12. A general size of 40-40-40 A was designed
to model the membrane consisting of the water/nanotube system, where 8 microporous organic
nanotubes were inserted, ensuring the simulation accuracy and computing efficiency. Energy
minimization using the Forcite module of Materials Studio with the COMPASS force field was
performed for the above two systems. After completing the geometry optimization process for
each system, the NVT ensemble (temperature: 298 K) was applied in the MD calculations, with
a time step of 1.0 fs and a total simulation time of 100 ps. Frames and snapshots containing the
geometry information were selected every 100 steps. From the MD simulations, radial
distribution functions (RDFs) of water molecules with different segments were extracted. The
number of water molecules surrounding different segments was then calculated based on the

RDFs.

1.6.5 Water distribution surrounding different segments

In order to represent water distribution surrounding different segments, all-atom MD
simulations were carried out for the PIP/TMC/water and PIP/TMC/tube/water systems
previously described. These simulations were performed using the GROMACS software
package with the OPLS-AA force field'®!". Energy minimization was performed with

termination gradients of 10 kJ mol™! nm™'. The equilibrium MD simulation was run for 40 ns
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under the NVT ensemble, with a temperature of 298 K and a time step of 1 fs. The periodic
boundary conditions were imposed on all three dimensions. From the MD simulations, spatial
distribution functions (SDFs) of water molecules were obtained. The SDF data were then

visualized using the Visual Molecular Dynamics program.

1.6.6 Water molecules passed through the nanotube

1 ns NVT MD simulation is ran with 100 snapshots—each per 10 ps collected to do the post
analysis. A distance of 1.8 A away from the cross section of the nanotube is applied to detect
the water molecules passing through the nanotube. Note that 1.8 A is a typical length for
searching for hydrogen bond, which describes a strong pairwise interactions and needs to be
considered in this study. After average of 100 snapshots for all nanotubes and division by the
total number of water molecules in the system, a number of 32+2.1% is concluded.
Supplementary Fig. 34 shows one typical snapshot of NT-OEts nanotube with water molecules
passing through, where Supplementary Fig. 34b also provides a side view of water molecules

outside but still within 1.8 A distance to the nanotube.
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2. Supplementary Figures

COF-OEt

Supplementary Fig. 1 Model images of: (a) COF-OEt and (b) NT-OEt, constructed using

Materials Studio.
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Supplementary Fig. 2 Synthesis and structures of COF-OEt and NT-OEt.

14



QO
O

1 — COF-OFEt — COF-OFt
—_ S
= o
N > | 220
> b=
G 2 001
2 o) 230
jS 110 =
120
5 10 15 20 25 10 15 20 25
26 (degree) 206 (degree)

Supplementary Fig. 3 PXRD curves of COF-OEt with different degree: (a) 2-25° and (b) 7—

25°.

15



6%

4

71.7%

. Cls
I N1s
- Ols
I Bis

0.5%
18.2% ‘

9.8% »

. Cis
© Nis
. | O1s
I B1s

71.5%

Supplementary Fig. 4 The content of Cls, N1s, Ols and Bls of (a) COF-OEt and (b) NT-

OEt.

16




Q
@y

A | 2
T 160} 9 Adsorption c o
o —o- Disorption £ 400t
|
& 120} S
s 1
s 80r 5 200f &
~ S o
< 40+ 3 / % [+
80 0z 04 06 08 10 %4 6 & 10 12 14
P/P, Pore width (nm)

Supplementary Fig. 5 (a) N> adsorption-desorption isotherm of COF-OEt at 77 K. (b) pore

size distribution profile of COF-OEt.

17



—-o— COF-OEt
—-o— NT-OEt

-1.74 mV

6.0x10° F

4.0x10° |

Total Counts

2.0x10°}

0.0

-30 -20 -10 0 10 20
Zeta potential (mV)

Supplementary Fig. 6 Zeta potentials of COF-OEt and NT-OEt.

18



s =00 M

Supplementary Fig. 7 TEM images of COF-OEt with different magnifications. Scale bars: (a) 500

nm (inset image is an aqueous suspension containing COF-OEt with the Tyndall effect), (b) 200 nm.
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Supplementary Fig. 8 HR-TEM of COF-OEt. Scale bar: 1 um.
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Supplementary Fig. 9 TEM images of NT-OEt. Scale bars: (a) 500 nm, (b) 200 nm, (c) 100
nm. (d) TEM image (scale bar: 100 nm) of NT-OEt at room temperature stored for 12 h (inset

image is an aqueous suspension containing NT-OEt with the Tyndall effect).
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Supplementary Fig. 10 HR-TEM of a single NT-OEt. Scale bars: 100 nm.
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Supplementary Fig. 11 Photo images of the TFC, C-TFN and N-TFN membrane.
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Supplementary Fig. 12 SEM images of the C-TFN membrane top surfaces, prepared with
different nanoparticle loadings: (a) 1.3 pg cm™2, (b) 2.6 pg cm 2, (c) 3.8 ug cm 2. Scale bars: 2

pm.
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Supplementary Fig. 13 SEM images of the NT-OEt deposited membrane, prepared by loading

2.6 pg cm 2 of NT-OEt onto the PSf support. Scale bars: (a) 1um, (b) 200 nm.
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Supplementary Fig. 14 SEM images of the N-TFN membrane top surfaces, prepared with
different nanoparticle loadings: (a) 0.75 ug cm2, (b) 1.3 ug cm 2, (c) 3.8 ug cm 2. Scale bars:

2 um.
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Supplementary Fig. 15 AFM images of (a) TFC, (b) C-TFN, and (¢) N-TFN membranes.
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Supplementary Fig. 16 Cross-sectional SEM images of (a) TFC, (b) C-TFN, and (¢) N-TFN
membranes. (d) A free-standing N-TFN membrane on an anodic aluminum oxide support.

Scale bars: 500 nm.
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Supplementary Fig. 17 AFM images of freestanding TFC membrane: (a) height image, (b)
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Supplementary Fig. 18 AFM images of freestanding C-TFN membrane: (a) height image, (b)

phase image, (c) corresponding height profile, (d) 3D image.
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Supplementary Fig. 19 AFM images of freestanding N-TFN membrane: (a) height image, (b)

phase image, (c) corresponding height profile, (d) 3D image.
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Supplementary Fig. 20 PIP storage capacity of the fabricated membranes.
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Supplementary Fig. 21 FTIR spectra of the fabricated membranes.
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Supplementary Fig. 22 The content of Cls, N1s, Ols and degree of crosslinking of (a) TFC

membrane, (b) C-TFN membrane and (c) N-TFN membrane.
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Supplementary Fig. 23 (a) Cls and (b) N1s XPS spectra of the fabricated membranes.
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Supplementary Fig. 24 Zeta potentials as a function of pH of the fabricated membranes.
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Supplementary Fig. 25 Water contact angles of as-prepared membranes.
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Supplementary Fig. 26 TGA decomposition curves of the fabricated membranes.
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Supplementary Fig. 27 Positron annihilation patterns for the TFC and N-TFN membranes.

39



30

N
o

Number of rays
o

0 5 10 15 20 25
Ray length (angstrom)

Supplementary Fig. 28 The number of rays calculated using the Zeo++ software, for the TFC
and N-TFN membranes after interfacial polymerization was performed (see Section 1.6.3 of

the Supporting Information for details).
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Supplementary Fig. 29 (a) SEM image and (b) pore size distribution of PSf support.

41



1.2
a 3 == TFC

§ 0.6}

osf : B :

o —— Carboxyl groups =

0.4l PIP-TMC polyamide segments 5
o 0.2f
o
£
S

0.0 - L L < 0.0

0 5 10 15 20 '

r (angstrom) Surface region

Supplementary Fig. 30 (a) Radial distribution functions between water and different segments
in the TFC membrane. (b) Numbers of water molecules around the carboxyl groups (segment
a) and PIP-TMC polyamide segments (segment b) in the TFC membranes, calculated from MD

simulations.
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Supplementary Fig. 31 Different segments in the TFC membranes revealed by MD
simulations in 100 frames. Carboxyl groups: (a) a larger version and (b) a zoomed—in version.
PIP-TMC polyamide segments: (c) a larger version and (d) a zoomed—in version. The blue
background refers to the distribution of water molecules in different regions of a polyamide

film.
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Supplementary Fig. 32 A larger version of different segments in the N-TFC membranes in

100 frames: (a) carboxyl groups, (b) PIP-TMC polyamide segments.

44



Supplementary Fig. 33 Different segments in the N-TFN membranes in 500 frames. Carboxyl
groups: (a) a larger version and (b) a zoomed-in version. PIP-TMC polyamide segments: (c) a

larger version and (d) a zoomed—in version.
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Supplementary Fig. 34 Process of water molecules passing through a nanotube: (a) front and

(b) side.
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Supplementary Fig. 35 Schematic depiction of the N-TFN separation process.
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Supplementary Fig. 36 TEM images of the MONs mesh deposited in the PSf support for the

different loadings (a) 1.3pg/cm™, (b) 2.6pug/cm2, (a) 3.8ug/cm2.
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Supplementary Fig. 37 Water permeability and Na>SO4 rejection of the polyamide membranes
fabricated with different COF-OEt contents (feed: 1000 ppm Na>SOs4, 4 bar, pH = 7). All the

error bars in this figure represent the standard deviation of the experiments.
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Supplementary Fig. 38 Water permeability and salt rejection of the pristine TFC membrane
and N-TFN membrane for various aqueous solutions containing 1000 ppm of one inorganic

salt type. All the error bars in this figure represent the standard deviation of the experiments.
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Supplementary Fig. 39 lon chromatograph distribution curves of mixed salts.
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Supplementary Fig. 40 (a) Rejection of phosphorus by the TFC membranes (feed solution: 5
ppm phosphorus). (b) Rejection of boron by the TFC membranes (feed solution: 5 ppm boron).

The pH was altered using a 0.1 M NaOH solution.
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Supplementary Fig. 41 (a) Long-term stability performance of N-TFN membranes (feed:
1000 ppm Na2SOg). (b) Water flux and NaxSO4 rejection performance by N-TFN at varied

pressures. All the error bars in these figures represent the standard deviation of the experiments.
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Supplementary Fig. 42 Recovery ability of the membrane of N-TFN membranes (feed: 1000
ppm Na2SO4 or NaCl solution, 4 bar). All the error bars in this figure represent the standard

deviation of the experiments.
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3. Supplementary Tables
Supplementary Table 1 Chemical species compositions of the membrane top surfaces,

obtained from Cls XPS spectra.

Surface chemical species from C1s

Sample
B.E. (eV) Species Content (%)
TFC  284.9 C-H/C-C 49.8
285.5 C-N 36.8
287.4 COOH 10.7
288.0 O-C=N 2.7
C-TEN  284.7 C-H/C-C 56.5
285.9 C-N 29.6
287.9 COOH 13.5
288.3 O-C=N 0.4
N-TFN 284.8 C-H/C-C 62.8
286.0 C-N 21.6
287.9 COOH 15.5
288.3 O-C=N 0.1

55



Supplementary Table 2 Chemical species compositions of the membrane top surfaces,

obtained from N1s XPS spectra.

Surface chemical species from N1s

Samples
B.E. (eV) Species Content (%)
TFC  399.6 N-C=0 79.9
401.3 N-H 20.1
C-TFEN  399.8 N-C=0 81.5
401.5 N-H 18.5
N-TFN  399.9 N-C=0 83.1
401.5 N-H 16.9
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Supplementary Table 3 Properties of the PSf Membrane Support

Membrane ID Up (nm) op (nm) Permeance MWCO (kDa)
(Lm2h'bar?)
PSf 20.58 1.59 380+30 327
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Supplementary Table 4 Comparison of nanofiltration performances between the N-TFN

membranes and state-of-the-art polyamide membranes.

Membranes Permeance
Membranes RNayso, (%) Rnaci (%) S(CI/SO47)  Ref.
technology (Lm2h' bar!)
Commericial
PIP@PEI-TMC 11.6 94.0 51 8.2 [12]
TFC
Tannic 13.0 97.5 65 14.0 [13]
Acid/Fe** TFC
PAH-SP/TMC 11.3 98.2 59.2 22.7 [14]
MPD-TFC 15.2 96.1 25.9 19 [15]
Freestanding PEI@TMC 24.0 85.0 25.0 5.0 [16]
COF nanosheet 6.0 98.5 35.0 43.3 [17]
PDA@PIP- 25.1 99.1 28.0 80 [18]
T™C
LTIP@PIP- 23.1 82.5 47.5 3.0 [19]
T™™C
Macromolecular 17.5 98.9 64.7 32.1 [20]
Interlayer
Additive/PIP-
T™C
Polydopamine 19.3 90.3 20.5 8.2 [21]
interlayer TFN
Carbon quantum 9.7 55.0 35.0 1.44 [22]
dots interlayer
Tannic 33.0 95.0 14.0 17.2 [23]
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acid/diethylenet

riamine

NaClO@PIP- 17.5 94.0 12.0 14.7 [24]
TFN
BHTTM
Hollow silica 15.0 92.0 11.0 11.13 [25]
nanoparticles
Ag NC@PIP- 10.7 94.6 52.9 8.7 [26]
TMC/PEI
Hollow 18.7 95.6 58.2 9.5 [27]
Zwitterionic
Nanocapsules
Lab made TFC DAPP-TMC 6.6 95.0 40.0 12.0 [28]
SDS/PIP-TMC 12.6 97.1 15.1 293 [29]
EIP@PIP-TMC 20.2 27.0 6.3 1.3 [30]
DEEDA@PIP- 14.6 96.6 18.5 24.0 [31]
T™C
CNT TFN CNT-TFN 13.0 96.5 24.6 21.5 [32]
TFNi 29.6 97.0 23.0 25.7 [33]
MWCNTs 6.2 96.6 34.0 19.4 [34]
interlayer TFN
MWCNTs@PEI 15.3 45.2 33.8 1.21 [35]
-TMC
MOF TFN UiO-66-NH»- 18.0 98.4 30.2 43.6 [36]
TFN
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UiO-66-TFN 11.5 91.0 38.0 6.9 [37]
PSS modified 12.8 99.0 15.0 85 [38]
ZIF-8
PDA/MOF- 2.12 99.0 93.5 6.5 [39]
101@MPD-
T™C
COF TFN Polydopamine- 16.4 97.2 14.6 30.5 [40]
COF interlayer
TpPa COFs 21.0 98.4 21.5 49.0 [41]
Amine-rich 19.3 83.5 18.0 5.0 [42]
COFs
COF nanofibers 31.1 95.0 16.0 16.8 [43]
CNT-TFNi 18.9 98.0 17.9 41.1 This
N-TFN NT-OE{/PIP- work
41.7 98.1 11 46.8
T™C
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Supplementary Table 5 Summarized boron removal performance of state-of-the-art NF

membrane desalination technology.

Permeance Concentration

Membranes pH Riorn Ref.
(Lm?2h!bar?) (ppm) (%)
CK-NF 7.05 5.7 8.4 26.0 [44]
NF90 3.6 5.7 8.4 57.0 [44]
~7 50 7 ~40
~6 50 9 ~60  [45]
~6 50 11 ~95
~10.5 4.6 6 ~10
4.6 7 ~20
4.6 8 ~11  [46]
4.6 9 ~30
4.6 10 ~50
4.6 11 ~80
~55 3 3 ~15
3 5 ~10
3 7 ~16  [47]
3 9 ~20
3 11 ~90
3 12.5 ~95
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NF270 12.7 5.7 8.4 66.7  [44]
~13 50 7 ~10
~12 50 9 ~20  [45]
~15 50 11 ~70
~14.0 4.6 6 ~5
4.6 7 ~6
4.6 8 ~10  [46]
4.6 9 ~25
4.6 10 ~35
4.6 11 ~55
TFC-S ~2.9 3 3 ~9
3 5 ~10
3 7 ~8  [47]
3 9 ~15
3 11 ~75
3 12.5 ~85
UTC-60 ~16.4 3 3 ~5
3 5 ~3
3 7 ~4  [47]
3 9 ~2
3 11 ~25
3 12.5 ~50

62



ESPA4 ~3.2 3 3 ~27
3 5 ~28
3 7 ~29
3 9 ~30  [47]
3 11 ~80
3 12.5 ~98
N-L1.5 4.0 10 10 83.6  [48]
P84-HPEI-SCA4 3.91 10 4 55.4
TEN
10 7 67.2
10 8 87.5  [49]
10 9 90.0
10 10 98.2
PT-TFC ~10.5 2000 7 ~58
MSH-TFN ~9.5 2000 7 ~62  [50]
MSH@UiO-66- ~8.5 2000 7 71.2
NH2-TFN
M-1.0TEA 1.44 ~ 8.1 400  [51]
NF-200 3.82 ~ 8.1 16.8
TFC 9.8 5 7 10.4
5 9 54.8
5 10 732 This
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work

N-TFN 41.7 5 7 11.0
5 9 65.1
5 10 78.0
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Supplementary Table 6 Summarized phosphorus removal performance of state-of-the-art NF

membrane desalination technology.

Permeance Concentration

Rphosphorus
Membranes pH Ref.
(Lm2h ! bar) (ppm) (%)
La/C-doped L 20 5 ~70
20 7 ~80
20 9 >90 [52]
20 11 >90
N-TFN 41.7 5 7 93.2
5 9 93.4 This
work
5 10 96.8
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