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Reaction heat measurement

In this system, the temperature of a reactor was adjusted by controlling the 

temperature of a jacket. The method to measure the heat of the reaction is described 

below. 60 mL of 0.2 wt.% PIP aqueous solution (PIP system) or 60 mL of 0.2 wt.% PIP 

aqueous solution with CaCO3 nanoparticles (PIP-CaCO3 system) was added to the 

reactor. The CaCO3 nanoparticles were prepared by mixing 0.05 M CaCl2 aqueous 

solution and 0.02 M Na2CO3 aqueous solution. Then the temperature of the system was 

adjusted to 298 K with stirred at 200 rpm. After the stabilization for 60 min, 10 mL of 

0.1 wt.% TMC/hexane solution was drop wisely added to the reactor.

During the reaction, the temperature of the reactor, TR (K), and the jacket, TJ (K), 

was monitored. The total heat generated by the reaction is equal to the total heat that 

was transferred from the reactor to the jacket during the reaction. The rate of heat 

transfer from the reactor to the jacket, Q (J s-1) is expressed as the following equation:

𝑄= 𝑈 ∙ 𝐴(𝑇𝑅 ‒ 𝑇𝐽)

where, U (J m-2 K-1 s-1) and A (m2) are heat transfer coefficient and surface area, 

respectively. Therefore, the heat of the reaction, H (J), could be calculated by the 

integration of Q during the reaction time.

𝐻=∫𝑈 ∙ 𝐴(𝑇𝑅 ‒ 𝑇𝐽)

The value of UA was determined by calibration as 625.9×10-3 J K-1 s-1.
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The characterization of CaCO3 nanoparticles size on PK-6 membrane surface

Fig. S1. Statistics of CaCO3 nanoparticle size distribution.

The CaCO3 nanoparticles size on PK-6 membrane surface were used to analyze 

by Nano Measurer software.
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The surface and overall pore size/porosity of PK support membranes

Table S1. The changes in the surface and overall pore size/porosity of PK supports as 

a function of LbL cycles.

Membranes
Surface pore size

(nm)

Surface porosity

(%)

Overall porosity

(%)

PK-0 181.9±21 31.2±2 76.1±3

PK-4 168.2±18 28.8±1 74.9±2

PK-5 135.3±16 24.7±3 72.8±3

PK-6 122.5±13 22.3±1 73.5±4

PK-7 107.2±15 18.6±2 71.3±2

Fig. S2. Overall pore size distributions of membranes.
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The membranes surface pore size and surface porosity were used to analyze by 

Nano Measurer software and ImageJ software, respectively. The membranes overall 

porosity were determined by gravimetric method.1 The overall pore size and pore size 

distribution of the membranes were assessed using liquid-liquid porometer (LLP-

1200A, Porous Materials Inc., NY, USA). Fig. S2 showed the average overall pore size 

of PK-0, PK-4, PK-5, PK-6 and PK-7 membranes were 50.3 nm, 48.6 nm, 44.2 nm, 

43.3 nm and 41.8 nm, respectively.
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Distributions of Ca element on the PK-6 surface

Fig. S3 Distributions of Ca element (points measured by EDX mapping analysis) on 

the PK-6 surface.
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The cross-sectional EDX images of PK-6 membrane

Fig. S4. The cross-sectional EDX images of PK-6 membrane.
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Crosslinking degree of membranes

The crosslinking degree of the membrane could be evaluated by calculating the 

atomic concentration of each element at the membrane surface using the following 

equations2

                                    (1)
100mCrosslinking degree (%)=

m n




where the values of m and n are derived from the experimental O/N ratio according to 

the XPS characterization results using Eqs. (2) and (3), respectively:

                                                           (2)1m n 

                                                        (3)
3 4
3 2

O m n
N m n






Table S2. Elemental composition and crosslinking degree of NF membranes

Atomic concentration (%)
Membranes

C (1s) O (1s) N (1s)
Crosslinking degree (%)

PK-NF-0 64.79 19.16 16.05 73.5

PK-NF-4 62.55 20.73 16.72 67.9

PK-NF-5 62.06 21.16 16.78 65.4

PK-NF-6 60.47 22.28 17.25 61.8

PK-NF-7 60.51 22.63 16.86 56.2
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Data of reaction heat measurement

Fig. S5 Temperature difference between the reactor and jacket as a function of 

reaction time (a) PIP-TMC system; (b) PIP-CaCO3-TMC system.
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The characterization of TA-coated PK support/NF membranes

Fig. S6 Surface SEM and AFM images of membranes: (a) PK/TA-12h support 

membrane; (b) PK/TA-24h support membrane; (c) PK/TA-12h-NF membrane; (d) 

PK/TA-24h-NF membrane.
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Fig. S7 The pure water permeance and Na2SO4 rejection of NF membranes.

In order to prepare support membranes with different TA coating times, the PK 

membranes were soaked into TA aqueous solution (0.1 wt.%) for 12 h and 24 h, 

respectively. Afterwards, the membranes were washed with water, and finally dried in 

the air. The resultant membranes were designated as PK/TA-12h and PK/TA-24h, 

respectively. Following similar procedures, the NF membranes were fabricated by 

using TA-coated PK membrane as the porous support. The obtained membranes with 

various TA coating times were denoted as PK/TA-12h-NF and PK/TA-24h-NF, 

respectively. It can be seen from Fig. S6 that the TA-coated PK support/NF membranes 

possessed a similar surface morphologies and average roughness values with the 

pristine PK support/NF membranes. Meanwhile, the water permeance of PK/TA-12h-

NF membranes and PK/TA-24h-NF membranes is 7.9 L m-2 h-1 bar-1 and 7.5 L m-2 h-1 

bar-1, respectively (Fig. S7).
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Various salts rejection of the PK-NF-0 membrane

Fig. S8 Salts rejection of the PK-NF-0 membrane.

The salt rejection for PK-NF-0 membrane follow a sequence of Na2SO4 (99.0%) > 

MgSO4 (96.3%) > MgCl2 (52.3%) > NaCl (20.7%), which is a typical PIP-based NF 

desalination performance depend on the synergy of size sieving and Donnan effect.3 

This can be illustrated as: (1) The PK-NF-0 membrane with a negative surface charge 

(Fig. 7 (d)) prefers to reject divalent anions rather than divalent cations and (2) the 

hydrated ion radius of Na+ (0.358 nm) and Cl- (0.332 nm), which are smaller than those 

of SO4
2- (0.379 nm) and Mg2+ (0.428 nm).4
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pH stability test of PK-NF-6 membrane

Fig. S9. The permeance and Na2SO4 rejection of PK-NF-6 membrane after filtration 

with the aqueous solution for 2 h under different pH.

In order to evaluate the pH stability of PK-NF-6 membrane, the membrane was 

first filtered with the aqueous solution for 2 h under different pH conditions (pH=3, 5, 

7, 9 and 11). And then, the permeance and Na2SO4 rejection of the membrane were 

tested under 0.5 MPa. The pH was adjusted by the addition of small amount of HCl and 

NaOH for deionized water respectively. It can be observed from Fig. S9 that the 

permeance and Na2SO4 rejection of PK-NF-6 membrane maintained steady after 

filtration with the aqueous solution for 2 h under pH=3, 5, 7 and 9. In addition, the 

permeance increased from 18.7 L m-2 h-1 bar-1 to 22.5 L m-2 h-1 bar-1 and the Na2SO4 

rejection reduced from 97.7 % to 92.8 % after filtration with the aqueous solution for 2 

h from pH=7 to pH=11. This is because of the partial hydrolyzation of ester 

bonds/amide bonds, which could increase the free volume of the cross-linked structure 
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in the selective layer.5
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NF performance comparison between PK-NF-6 membrane and membranes in 

literature

Table S3. Comparison of NF performance of PK-NF-6 membrane with other 

membranes in literature.

Membranes

Operation 

pressure

(MPa)

Pure water 

permeance

(L m-2 h-1 bar-1)

Na2SO4 

rejection

(%)

Ref.

(PIP+SDS)-TMC 0.4 17.1 99.6 2

Co-7:3@PA 1.0 15.7 98.3 6

GE-Osmonics DL 3.0 10.0 96.0 7

NF-270 1.0 11.6 94.0 8

PA50/CNC/PES 0.6 34.0 96.7 9

PA-Co-3.0/PSf 1.0 20.4 96.8 10

PA-SiO2-4h/PSf 1.0 14.5 98.7 11

PD/SWCNTs/NF 0.6 32.0 95.9 12

PIP-TMC (EIP) 0.5 16.6 95.5 13

TFC2.0-5 0.4 14.5 97.0 14

TFC-CNT-2 0.5 21.0 98.3 15
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TFN-CN/HNT 0.4 20.5 94.5 16

TFNM-HZNCs 0.6 12.2 94.7 17

TFN-PDA-SiNPs 0.6 13.3 97.0 18

TFN-PDP 0.6 9.9 98.0 19

Vacuum-PA 0.6 20.0 99.6 20

PK-NF-6 0.5 23.4 97.7 This work
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