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Fig. S1 The powder and dispersion solution images of g-C;N,4 nanosheets.
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Fig. S2 Water flux and Na,SO, rejection with effects of concentration of PIP. (at 6.0 bar and 2000

ppm Na,SOy salt aqueous solution)

Water flux and Na,SO, rejection with effects of concentration of PIP was shown in Fig. S2.
When the concentration of PIP was increased from 0.5 wt% to 1.5 wt%, the Na,SO, rejection
increased and reached a maximum value of 94.2% at the concentration of 1.5 wt%. The water flux
was observed to increase from 44.9 L m2-h"! to 51.0 m2-h"!. When the concentration continued to
increase, the Na,SO, rejection decreased and remained at about 89.1%, while the water flux also
decreased. When the PIP concentration was low, the PA skin layer was loose, and the cross-linking
between PIP and TMC was low, which result in the lower Na,SO, rejection. With the increase of
PIP, the PA skin layer gradually became denser, and the degree of cross-linking continues to
increase. However, when the PIP content was excessive relative to TMC, the IP reaction on the
surface was not sufficient and the degree of cross-linking decreased, which led to a significant
decrease in the Na,SO, rejection. At the same time, the excess PIP remaining on the surface hindered
the channels of water molecules, thus reducing the water flux. Therefore, it was found that the
change of water flux was only around 5 L m2-h"! during the change of PIP, which suggested the
effect of PIP concentration was small. At the same time, the effect on the Na,SO, rejection was
higher. The performance prepared at a PIP concentration of 1.5 wt% was found to be better
considering the higher Na,SO, rejection and water flux. Therefore, the optimal PIP concentration

was 1.5 wt%.
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Fig. S3 Water flux and Na,SO, rejection with effects of concentration of TMC. (at 6.0 bar and 2000

ppm Na,SOy salt aqueous solution)

Water flux and Na,SO, rejection with effects of concentration of TMC was shown in Fig. S3.
The Na,SO, rejection increased from 91.0% to 94.2% when the content of TMC was increased from
0.05 wt% to 0.10 wt%, and the water flux was observed to increase from 43.0 L m2-h"! to 51.0 L
m~2-h"!. With the gradual increase of concentration, the Na,SO, rejection showed a small decrease
with a decrease in water flux. When the TMC concentration was low, the PA skin layer on the
membrane surface was looser and less cross-linked, while the surface morphology was poorer,
resulting in a lower Na,SOy rejection. At the same time, the shrinkage of the PA skin layer was
smaller than that of the support layer, which hindered the passage of water molecules and resulted
in a lower water flux. With the increase of TMC concentration, the cross-linking of the PA skin
layer reached a certain degree, which made the membrane obtain a high Na,SO, rejection. However,
when the TMC content was excessive relative to the PIP, the IP reaction was not sufficient and the
degree of cross-linking decreased, the Na,SO,4 rejection decreased significantly. Moreover, the
excess TMC on the surface could hinder the passage of water molecules, which reduced the water
flux. Considering the results of Na,SO, rejection and water flux, the desalination performance of
the membrane prepared at TMC concentration of 0.10 wt% was better. Therefore, the appropriate

concentration of TMC was 1.5 wt%.
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Fig. S4 Water flux and Na,SO, rejection with effects of reaction time. (at 6.0 bar and 2000 ppm

Na, SOy salt aqueous solution)

Water flux and Na,SO4 rejection with effects of reaction time was shown in Fig. S4. The water
flux gradually decreased when the reaction time increased from 30 s to 90 s. The Na,SO, rejection
was increased first and then decreased, and reached 94.2% at the reaction time of 60 s. As the
reaction time increased, the water flux showed different degrees of decrease, and the Na,SO,
rejection decreased to around 88.1%. When the reaction time was extended, the membrane thickness
might increase, resulting in a gradual decrease of water flux. In addition, when the reaction time
was short, the membranes with suitable crosslinking and thickness were prepared due to the
extremely rapid IP reaction. Compared with the membrane prepared at 30 s, the PA skin layer with
a reaction time of 60 s was relatively better cross-linked. However, with the increase of reaction
time, a barrier could be formed between PIP and TMC, which made the Na,SO, rejection decreased.
At the same time, the prolongation of reaction time made part of the TMC inactive and intensify the
shrinkage during the heat treatment, which hindered the channels of water molecules. Considering

the results of Na,SO, rejection and water flux, the appropriate reaction time is 60 s.
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Fig. S5 Water flux and Na,SO, rejection with effects of heat treat time. (at 6.0 bar and 2000 ppm

Na, SOy salt aqueous solution)

Water flux and Na,SO, rejection with effects of heat treatment time was shown in Fig. S5. When
durations were increased from 3 min to 10 min, the Na,SO, rejection first increased from 88.1% to
94.2%, and then decreased to 90.6%. The water flux was investigated to decrease from 55.7 L m2-
h! to 48.2 L m2-h'!. Subsequently, the Na,SO, rejection stabilized and remained near the level of
90.6% with the increase of reaction time, while the water flux showed an increasing trend. At the
short heat treatment time, the cross-linking of PIP with TMC might increase with treatment time,
resulting in an increase in the Na,SOy rejection. The subsequent enhancement of the heat treatment
time caused the PIP molecules to degrade, which led to a decrease Na,SO, rejection. As the heat
treatment time became too long, the surface of the basement membrane underwent a violent
shrinkage effect, causing the upper PA skin layer to be destroyed. Considering the results of Na,SO,
rejection and water flux, the desalination performance of the membranes was better when the heat

treatment time was 5 min, so the optimal heat treatment time was 5 min.
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Fig. S6 Water flux of the TFN-CN1 and TFN-CNS5 membranes. (at 6.0 bar and 2000 ppm different
salt aqueous solution)



Table S1 Elemental compositions of the TFN-CN1 and TFN-CN5 membranes.

Membranes C (%) N (%) 0O (%) Cl (%) O/N
TFN-CN1 81.11 8.57 10.14 0.18 1.18
before chlorination

TFN-CN5 81.71 8.68 9.47 0.14 1.09
before chlorination

TFN-CN1 73.68 11.44 14.30 0.57 1.25
after chlorination

TFN-CN5 75.37 11.19 12.96 0.48 1.15

after chlorination




Table S2 Comparisons of water flux and different salt rejections between the TFN-CN5 membrane

and other NF membranes in literature.

Membranes Pressure  Concentra Water flux Na,SO,  MgSO, MgCl, NaCl Ref.
(bar) tion (Lm2h') rejection rejection rejection rejection
(ppm) (%) (%) (%) (%)

GO GO TFN 8 1000 19.4 95.2 91.1 62.1 59.5 !
(substrate)
GO-COCI NF 6 1000 22.6 97.1 >70 - 57.2 2
(organic phase)
SGO TFN 5 2500 11.8 96.5 >94.0 - 77.6 3
(aqueous phase)

MoS,  MoS; NF 3.5 2000 27.1 94.4 >80 >80 62.7 4
(organic phase)
O-MoS, TFN 3.5 2000 27.7 97.9 92.9 86.3 65.1 3
(organic phase)
TA-MoS, TEN 42 1000 31.9 96.5 >85 >25 33.8 6
(aqueous phase)

TiO, rGO/TiO, TFN 10 2000 61.0 94 - - 37 7
(aqueous phase)
TA TiO, TFN 5 1000 29.0 94.6 96.8 70.5 57.9 8
(aqueous phase)

g-CsNy  g-C3Ny/PA@PSH/PET 25 2000 55.7 >70 85.5 >75 >65 ?
(aqueous phase)
TFN-CN1 6 2000 37.0 88.5 57.3 17.4 14.4 This

work

TFN-CN5 6 2000 51.0 94.2 74.8 33.6 24.0 This
(aqueous phase) work
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