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Table 1. Properties of substrates with respect to pure water permeability, contact angle and −ΔGSL. (EXAMPLE)
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Figure 1. Water flux and salt separation rate of thin film composite nanofiltration membranes made of different substrates. (EXAMPLE)
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on the substrate properties with respect to pure water permeability,
contact angle and the surface area corrected interfacial free energy
(−ΔGSL). Owing to the decrease in substrate pore size as discussed
in the previous section (Section 3.1.2), the decrease in water flux of



PSf 20 substrate to 20.3 from 683.1 L/m2·h·bar reported in PSf 12 sub-
strate was reasonable and followed the trend of change. The water con-
tact angle on the other handwas found to increase slightly from 66.3° to
70.8° with increasing PSf concentration from 12 to 20 wt.%. The small
increase in contact angle value could not be used to show the increased
hydrophobicity of substrate as the substrate surface roughness might
also contribute to the change of contact angle value [18,27]. Therefore,
instead of contact angle value,−ΔGSL was considered as a better deter-
mination of surface hydrophilicity. Results showed that the degree of
surface hydrophilicity reduced (lower −ΔGSL value) with increasing
polymer concentration, revealing that the flux reduction in substrate
could also be due to the decrease in surface hydrophilicity in addition
to pore dimension and surface roughness.



Based on the characterization on the substrate properties, it is hy-
pothesized that the properties of TFC membranes could be altered
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Fig. 3. 3D AFM images of PSf substrates together with surface roughness values, (a) PSf 12, (b) PSf 15, (c) PSf 18 and (d) PSf 20.
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Fig. 4. Probability density function curves of different PSf substrates.



Table 3
Properties of substrateswith respect to purewater permeability, contact angle and−ΔGSL.



Substrate Pure water permeability
(L/m2·h·bar)



Contact angle (°) −ΔGSL



(mJ/m2)



PSf 12 683.1 66.3 ± 1.1 102.0
PSf 15 220.0 67.7 ± 1.4 100.3
PSf 18 61.8 69.8 ± 1.3 97.9
PSf 20 20.3 70.8 ± 1.7 96.6
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