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ABSTRACT: Tris(2,4,6-trimethoxyphenyl)polysulfone-methylene quaternary phosphonium-

chloride (TPQP-Cl) was blended with polysulfone (PSf) in different compositions to fabricate 

PSf/TPQP-Cl composite ultrafiltration membranes using the nonsolvent-induced phase 

separation method. The blending of polymers was confirmed by attenuated total reflectance 

infrared (ATR-IR) spectroscopy. Surface and cross-sectional morphologies of membranes were 

characterized using scanning electron microscopy (SEM). The SEM images showed that the PSf/ 

TPQP-Cl membranes had a typical asymmetric structure. The X-ray photoelectron spectroscopic 

(XPS) and contact angle analysis revealed the enrichment of TPQP-Cl in the supporting layer of 

the membrane. In addition, water content, porosity, contact angle, pure water flux and molecular 

weight cut-off were measured to study the influence of addition of TPQP-Cl.  In particular, the 
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addition of TPQP-Cl led to greatly increased water flux without significantly increased 

molecular weight cut-off; the PSf/TPQP-Cl membranes exhibited up to 7.3 times higher water 

flux than the pure PSf membrane at similar rejection properties. This work provides an effective 

way to tailor ultrafiltration membrane structure to achieve high flux while maintaining rejection 

properties. 

1. Introduction 
Ultrafiltration membranes that reject particles and macromolecules of 2–100 nm in size are 

widely used in the food, pharmaceutical, and biotechnological industries as well as water 

purification and wastewater treatment. These membranes are generally prepared by the phase 

inversion process (or known as the immersion precipitation technique). In this method, the 

polymer solution is cast on a glass plate (or other appropriate supports) with a casting knife, 

followed by immersion in a coagulation bath. Subsequently, phase inversion takes place by the 

exchange of solvent and non-solvent, and an asymmetrical membrane with a thin nanoporous 

selective layer on top of a macroporous support is formed.1 In order to obtain desired membrane 

structure and properties, several approaches have been developed for tailoring surface properties 

and microstructure of membranes. The most common approaches include surface treatment such 

as physical coating2 or chemical grafting3,4 of a hydrophilic material on the top of a formed 

membrane (post modification), and blending of the membrane polymer with a hydrophilic 

agent.5-13 These strategies have resulted in great improvement in membrane surface properties 

such as hydrophilicity and fouling resistance, but they have had limited success in achieving high 

water flux.  

Our group has very recently introduced a new methodology for modifying ultrafiltration 

membrane structures to achieve greatly enhanced water permeability without sacrificing 
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rejection property.14,15 Ultrafiltration polymer membranes with unusually high water flux can be 

obtained using a polymer functionalized with hydrophobically ionisable groups as an additive; 

these membranes have a unique combination of pore wettability and charge density gradients. 

Specifically, a hydrophobic and charged polymer, tris(2,4,6-trimethoxyphenyl) polysulfone-

methylene quaternary phosphonium chloride (TPQP-Cl) with a contact angle of 94° was added 

into polyethersulfone (PES) having a contact angle of 75° (measured from dried dense PES film) 

to prepare PES/TPQP-Cl composite UF membrane.14  

In the present work, to further investigate the applicability of the above methodology and explore 

how a different polymer component affects the overall membrane performance. Unlike PES, 

polysulfone (PSf, Figure 1) with the exactly same backbone as TPQP-Cl and a contact angle of 

88° (measured from dried dense PSf film, more hydrophobic than PES) was chosen as the 

membrane matrix. Owing to its good mechanical, thermal, and chemical properties, PSf is 

commonly used in ultrafiltration membranes.1 The phase inversion technique was used to 

prepare PSf/TPQP-Cl composite membranes. The effects of the amount of TPQP-Cl added into 

the casting solution on the membrane microstructure, surface wettability, water flux, and 

rejection properties were studied. 

 

Figure 1. Molecular structure of A) TPQP-Cl and B) Polysulfone. 



 4 

2. Experimental 
2.1. Materials. Polysulfone (average Mw ∼35,000 by LS, average Mn ∼16,000 by MO, 

pellets), chloroform (anhydrous, ≥99%), paraformaldehyde (95%), trimethylchlorosilane 

(≥97%), stannic chloride (99%), 1-methyl-2-pyrrolidone (NMP, 99.5%), tris(2,4,6-

trimethoxyphenyl)-phosphine were purchased from Sigma-Aldrich, Australia, and used without 

further purification. 

2.2. Synthesis of tris(2,4,6-trimethoxyphenyl)polysulfone-methylene quaternary-

phosphonium-chloride (TPQP-Cl). Tris(2,4,6-trimethoxyphenyl)polysulfone-methylene 

quaternary phosphonium-chloride (TPQP-Cl) was synthesized according to the reported 

method.16,17 Specifically, 3.39 g of paraformaldehyde and 12.3 g of trimethylchlorosilane were 

added to the polysulfone solution (5 g of PSf in 250 ml of chloroform) in a flask equipped with a 

reflux condenser and a magnetic stirrer, and then 0.6 g of stannic chloride was added dropwise. 

The reaction mixture was then stirred at 50 °C for 72 h. Subsequently, the reaction mixture was 

poured into absolute ethanol, and then white chloromethylated polysulfone (CMPSf) precipitated 

immediately. The precipitate was filtrated, washed thoroughly with ethanol, and dried under 

vacuum at room temperature for 12 h. 0.516 g of as-synthesized chloromethylated polysulfone 

was dissolved in 10 ml of 1-methyl-2-pyrrolidone (NMP), and then 0.8 g of tris(2,4,6-

trimethoxyphenyl)-phosphine was added. The reaction mixture was stirred at 80 °C for 12 h and 

then kept until further use.      

2.3. Preparation of membranes. Polysulfone (PSf) with an average molecular weight of 

16,000 g/mol (Aldrich, MO, USA) was used as the membrane material. 1-Methyl-2-pyrrolidone 

(NMP) with an analytical purity of 99.5 % and double deionized water were used as the solvent 

and the nonsolvent, respectively. As-synthesized TPQP-Cl was used as a polymer additive in the 

casting solution. Various PSf / TPQP-Cl /NMP solutions were prepared. Their compositions are 
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presented in Table 1. Since TPQP-Cl itself did not have a good membrane formation property in 

the phase inversion process, pure TPQP-Cl membrane was not prepared. The viscosity of 

membrane casting solution was determined using a Haake Mars Modular Advanced Rheometer 

System. The polymer casting solution was prepared by dissolving PSf and TPQP-Cl in NMP at 

around 25 °C for 6 h with mechanical stirring at 200 rpm. The homogenous solution was left 

stagnant until no bubbles were observed. Subsequently, the polymer solution was cast on a clean 

glass plate using a casting knife (Paul N. Gardner Co., Inc. USA) with a gap of 150 µm at room 

temperature (21–23 °C) and 30 % humidity and immediately immersed in a coagulation bath of 

deionized water. After peeling off from the glass plate, the membranes were removed from the 

coagulation bath, rinsed with deionized water thoroughly to remove residual NMP and kept in 

water before use. 

2.4. Membrane characterization. Scanning electron microscopy (SEM) (FEI Nova 

NanoSEM 450) was used for imaging the surface and cross-sectional morphologies of 

membranes. The membranes were fractured in liquid nitrogen, fixed on stubs with double-sided 

carbon tape and then sputter coated with roughly 2 nm platinum (Pt) layer to ensure good 

electrical conductivity. The images were recorded at an accelerating voltage of 5 kV with 

different magnifications. X-ray photoelectron spectroscopy (XPS) was performed with a Thermo 

Fisher X-ray photoelectron spectroscopy system (ESCALAB250). The X-ray radiation source 

was monochromatic  Al Kα (1486.7 eV) and an electron take-off angle of 90° relative to the 

sample plane was employed. FTIR spectra of the membranes were recorded using an attenuated 

total reflectance (ATR) Fourier Transform Infrared (FTIR) (Perkin Elmer, USA) in the range of 

500-4000 cm-1 at an average of 32 scans with a resolution of 4 cm-1. 
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The static contact angles of the dried and wet membranes were measured at room temperature 

with a Model-PGX (FIBRO System AB, Sweden) analyser. Double deionized water was used as 

the probe liquid in all measurements. The contact angle of all membranes was recorded at 30 s 

after a water drop was added onto the top surface of the membranes to get a steady reading. To 

get a reliable value, the contact angles were measured at five random locations for each 

membrane and the average number was recorded.  

Water content of the membrane was determined after the membranes were soaked in deionized 

water for 24h at room temperature. Thereafter, the membranes were taken out and weighed 

followed by removing the surface water of membranes with Kimwipes® Delicate Task Wipers. 

Then the wet membranes were placed in a vacuum oven at 65 °C for 6 h and the weights of the 

dried membranes were recorded. In order to ensure the reproducibility of data the measurements 

were performed three times. The percent of water content (WC) and the porosity (ε) of the 

membranes were calculated using equation (1) and (2), respectively: 

 𝑊𝐶(%) =
(𝑊𝑤𝑒𝑡− 𝑊𝑑𝑟𝑦)

(𝑊𝑤𝑒𝑡)
× 100 (1) 

𝜀(%) =
(𝑊𝑤 −𝑊𝑑)

𝑉×𝜌
× 100   (2) 

where Wwet and Wdry are the weight of the wet and dry membranes, respectively.  V is volume of 

the membrane (cm3) and ρ is the water density (g cm-3). For the volume measurements of 

membranes, the thickness of the membranes were estimated by SEM image at different locations 

and the average was taken. The error was found to be within 2–3%. 

2.5. Pure water flux and molecular weight cut off (MWCO) measurements. Pure water 

flux of the membranes was determined at room temperature (21–23 °C) using a Sterlitech 

HP4750 dead-end stirred cell (Sterlitech Corporation, USA) with an inner diameter of 49 mm 

and an effective membrane area of 14.6 cm2. The cell has a volume capacity of 300 ml and is 



 7 

attached to a 5.0 L dispensing vessel. Each membrane was first pre-compacted at 450 kPa for 

about 60 min until it reached a constant flux. Then the water flux was measured. The pure water 

flux was measured at 100, 200, 300 and 400 kPa by collecting the permeate on a digital balance 

(PA2102C, Ohaus) interfaced with a computer. The data from the balance was logged to a 

computer using a program written in LabView. 

Polyethylene glycol (PEG) with a molecular weight of 30, 100, 200 and 300 kDa (Analytical 

pure, Sigma-Aldrich) was dissolved in deionized water to prepare 1 g L-1 aqueous solutions to 

determine MWCO and solute rejection. Rejection measurements were performed at a pressure of 

100 kPa. 20 ml of permeate was collected. The permeate and feed solution were both diluted by 

10 times and then the concentration of each solution was measured via a total organic carbon 

analyser (TOC-LCSH, Shimadzu, Japan). The PEG rejection was calculated from the measured 

feed (Cf) and permeate (Cp) concentrations by 

𝑅 = (1 −
𝐶𝑝

𝐶𝑓
) × 100 

Three samples were analysed under the same conditions for each membrane, and the standard 

deviation of rejection rate was about 4%. The pore size of the membrane was defined as the 

hydrodynamic diameter of PEG. The hydrodynamic radius of PEG can be calculated from the 

MWCO of the membrane by the following equation:8 

𝑆𝑜𝑙𝑢𝑡𝑒 𝑟𝑎𝑑𝑖𝑜𝑢𝑠 (𝑛𝑚) = 0.0262√𝑀𝑊 −  0.03 

where MW is the lowest molecular weight of the PEG molecule which has a rejection of 90% in 

the ultrafiltration measurements. 

3. Result and discussion 
3.1. Chemical structure. Figure 2 shows the FTIR spectra of PSf, TPQP-Cl and PSf/ TPQP-

Cl membranes prepared with different amounts of TPQP-Cl additive. The blending of PSf/ 
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TPQP-Cl membrane was confirmed by identifying the peaks corresponding to PSf and TPQP-Cl 

in the membrane. A typical spectrum of PSf can be seen in all membranes with characteristic 

peaks at 1144 (S=O symmetric stretching), 1294 (S=O asymmetric stretching) and 1233 (C-O-C 

stretching), whereas peaks at 916, 950 and 2838 cm-1 are attributed to quaternary phosphonium 

groups. In the spectra of the PSf/ TPQP-Cl blend membranes, with increasing TPQP-Cl content, 

three characteristic bands of quaternary phosphonium groups become more pronounced. 

Therefore, this confirms the presence of TPQP-Cl in the membranes. 

 

Figure 2. FTIR spectra of membranes prepared with a varied fraction of TPQP-Cl: (A) 15% PSf; 

(B) 15% PSf/TPQP-Cl-9/1; (C) 15% PSf/TPQP-Cl-8/2; (D) 15% PSf/TPQP-Cl-7/3; (E) TPQP-

Cl.  
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3.2. Equilibrium water content (EWC) and porosity (ε). As shown in Figure 3, the viscosity 

of the casting solution decreases with increasing the fraction of TPQP-Cl. It is well known that 

the viscosity of the casting solution and thermodynamic stability are two dominating factors in 

controlling the membrane porous structure and porosity during immersion precipitation process. 

The former is related to the mutual diffusivities between components in the system, and the latter 

is dependent on the phase equilibrium between them.18 Since the addition of TPQP-Cl in the 

casting solution leads to the decrease in solution viscosity, the exchange rate between polymer 

solvent and non-solvent during the phase inversion process would increase. This results in higher 

sub-layer porosity of the formed membranes. The porosity of PSf/TPQP-Cl 7/3 was 65%, which 

is the highest among all prepared membranes. Table 1 shows the effect of addition of TPQP-Cl 

in the casting solution on equilibrium water content (EWC) of different membranes. It was 

observed that the EWC of all membranes increases with increasing the fraction of TPQP-Cl in 

the casting solution. This is attributed to the increased porosity and hydration of quaternary 

phophonium groups. 

Table 1. Compositions of membrane casting solutions, equilibrium water content and porosity 

values of the PSf and PSf/TPQP-Cl composite membranes at various compositions. 

Membrane ID PSf 

(wt.%) 

TPQP-Cl 

(wt%) 

NMP 

(wt.%) 

EWC 

(%) 

ε 

(%) 

Pore diameter 

from molecular 

weight cut-off 

(nm) 

15% PSf 15 0 85 68.5 47.1 13 

15% PSf/TPQP-Cl-9/1 13.5 1.5 85 79 53.9 13.5 

15% PSf/TPQP-Cl-8/2 12 3 85 81.3 60.5 14.6 

15% PSf/TPQP-Cl-7/3 11.5 4.5 85 85.5 65 15.3 

18% PSf/TPQP-Cl-8/2 14.4 3.6 82 81 58 13.1 
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Figure 3. The viscosities of casting solutions containing varied fractions of PSf and TPQP-Cl 

(wt%) at shear rate of 100 s-1 and 23°C. 

3.3. Microstructure of membranes. Figure 4 shows the surface and cross-sectional SEM 

images of the membranes. Similar to PES/TPQP-Cl membranes in our previous study,14 all the 

PSf/TPQP-Cl membranes exhibit a typical asymmetrical ultrafiltration structure with a thin 

nanoporous top layer (skin) and a finger-like macrovoid supporting layer. There is no 

appreciable surface morphological change observed among the membranes with different 

fractions of the additive. This is in a good agreement with the data obtained from MWCO 

measurements. However, the cross-sectional images of the membranes prepared with the 

addition of TPQP-Cl (Figure 4) are different from the pristine PSf membrane. A comparison 

between these images in this figure shows that the addition of TPQP-Cl in the casting solution 

results in membranes with a more porous supporting layer and larger finger-like pores 

(especially at higher TPQP-Cl loading). Additionally, it can be seen that the thickness of the 

membranes increases with increasing the TPQP-Cl content. The greater thickness can be 
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correlated to the greater porosity in the PSf/TPQP-Cl membrane as compared to the PSf 

membrane, considering the same polymer concentration of the casting solution being used for the 

PSf membrane and the PSf/TPQP-Cl membrane. This is consistent with porosity data where the 

higher TPQP-Cl content led to a higher porosity. 

From the SEM images and porosity data, it can be seen that an increase in the concentration of 

polymer in the casting solution from 15% to 18% results in a decrease in the number of 

macrovoids. This is because decreased solvent and nonsolvent exchange rate, arising from 

increased viscosity in a higher polymer concentration, leads to suppression of the formation of 

macropores in the membrane.19,20 
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Figure 4. SEM images of top surface (A1-E1), bottom surface (A3-E3) and cross section (A2-

E2) of membranes prepared with varied fraction of TPQP-Cl: (A1-A3) 15% PSf; (B1-B3) 15% 

PSf/TPQP-Cl-9/1; (C1-C3) 15% PSf/TPQP-Cl-8/2; (D1-D3) 15% PSf/TPQP-Cl-7/3; (E1-E3) 

18% PSf/TPQP-Cl-8/2. 

3.4. Contact angle measurement and XPS analysis. The wettability of PSf/TPQP-Cl 

membranes was investigated by measuring their water contact angle. Figure 5A shows the 

contact angles of both top and bottom surfaces of dried membranes. With increasing the TPQP-

Cl content, the water contact angle of the bottom surface significantly increases whereas the 

water contact angle of the top surface almost does not change.  The higher water contact angle on 

the bottom surface can be explained by greater amount of hydrophobic unhydrated TPQP-Cl on 

the bottom surface. The distribution of the additive (TPQP-Cl) in the membrane is opposite to 

that observed in conventional membrane.5,21,22 After immersion of the cast polymer solution in a 

water bath, unhydrated TPQP-Cl near the top surface of the solution would migrate from PSf 

matrix towards the glass plate so as to reduce interfacial energy between the polymer solution 

and the water bath. Note that the hydration of TPQP-Cl with quaternary phosphonium groups 
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occurs more slowly as compared with the water-organic solvent (NMP) exchange rate, and 

TPQP-Cl remains hydrophobic during the rapid phase inversion process. The repulsive 

interactions between the hydrophobic TPQP-Cl and the water provide the driving force for the 

component migration to the bottom surface. However, owing to low polymer diffusivity, the 

migration of one polymer of a blend towards the bottom surface of the membrane to minimize 

the interfacial energy would not be extensive. Bearing this in mind, it is expected that the TPQP-

Cl component moves partially apart into TPQP-Cl-rich and TPQP-Cl-poor phases, inducing 

gradients in TPQP-Cl content in the polymer matrix. This is consistent with XPS measurements 

that indicate the TPQP-Cl content on the bottom surface is higher than that of on the top surface 

for all PSf/ TPQP-Cl blended membranes (Figure 6). 

  

Figure 5. Contact angle of the top surface and bottom surface of 15% PSf membrane and 15% 

PSf/TPQP-Cl membranes in A) dry state and B) wet state, blended with different amounts of 

TPQP-Cl. 
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Sample C  

(at %) 

O  

(at %) 

S 

(at %) 

P 

(at %) 

PSf 80.42 15.73 3.85 0 

15% PSf/TPQP-Cl 

9/1 

Active 

layer 

79.33 17.48 3.06 0.13 

Bottom 

layer 

81.87 14.42 3.47 0.24 

15% PSf/TPQP-Cl 

8/2 

Active 

layer 

80.87 15.27 3.33 0.53 

Bottom 

layer 

80.66 15.17 3.48 0.7 

15% PSf/TPQP-Cl 

7/3 

Active 

layer 

80.52 15.54 3.34 0.6 

Bottom 

layer 

79.81 15.88 3.46 0.85 

 

(B) 
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Figure 6. (A) The XPS survey spectra of A) the original PSf and PSf/TPQP-Cl membane at B) 

active layer and C) bottom layer; (B) Table showing atomic percentage calculated by XPS peak 

area for membrane with different TPQP-Cl contents. 

Since ultrafiltration membranes are normally fully hydrated in filtration processes, the water 

contact angle of wet membranes was also measured to evaluate the effect of the TPQP-Cl 

concentration on the pure water flux. The top surface of the wet membranes exhibits a slight 

decrease in their contact angle (from 64 to 56) with increasing the TPQP-Cl content (Figurer 

5B). By contrast, the contact angle of the bottom surface of wet membranes dropped drastically 

by increasing the amount of TPQP-Cl. As a result, the bottom surface of each wet PSf/ TPQP-Cl 

membrane is much more hydrophilic than its top surface, whereas both surfaces of the PSf 

membrane have similar wettability. This can be elucidated by the fact that the TPQP-Cl-rich 

bottom surface becomes hydrophilic after full hydration of quaternary phosphonium groups. 

Therefore, unlike the conventional ultrafiltration membranes, there exists a wettability gradient, 

coinciding with a positive charge density gradient that increases from the top surface to the 

bottom surface in the PSf/TPQP-Cl membranes. This wettability gradient assists water 

permeation from the top surface to the supporting layer, which may contribute to enhanced water 

flow by promoting directional water movement.23,24 Note that the water fluxes in PSf/TPQP-Cl 

membranes, as discussed below, are much higher than that of uniformly charged polymer 

membranes and of the membranes with a charged top surface.7,25 

The increase in water contact angle of the bottom surface of the dried PSf/TPQP-Cl membrane 

is less pronounced compared to PES/TPQP-Cl membrane in our previous study.14 This indicates 

that less TPQP-Cl migrates to the bottom surface in the phase inversion process for PSF/TPQP-

Cl. This can be explained by the difference in wettability between PSf and PES. There is a 
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greater difference in contact angle between TPQP-Cl and PES than that between TPQP-Cl and 

PSf, indicating a more pronounced segregation of TPQP-Cl in the phase inversion process for the 

PES/TPQP-Cl system. Therefore, the bottom surface of the PES/TPQP-Cl membrane is more 

hydrophobic than that of PSf/TPQP-Cl membrane. On the other hand, PES miscibility with 

TPQP-Cl is lower than PSf miscibility with TPQP-Cl, and thus enhanced segregation of TPQP-

Cl makes the PES/TPQP-Cl bottom surface more hydrophobic. 

3.5. Water flux and molecular weight cut off. Pure water flux of the membranes was 

measured to evaluate the influence of polymer solution composition on the membrane 

permeability. The water fluxes as a function of transmembrane pressure are presented in Figure 7 

(A). All the membranes showed a linear increase in water flux with increasing the 

transmembrane pressure. The gradient of these straight lines correlates with the hydraulic 

resistance during ultrafiltration. The resistance of the membrane decreases as the slope 

increases.26,27 Due to the combined effects of increasing wettability gradient and porosity of the 

membrane structure, increasing TPQP-Cl concentration in the casting solution results in an 

increase in the slope. Compared with control PSf membrane, PSf/TPQP-Cl composite 

membranes exhibit much higher pure water flux. Pure water fluxes of the composite membranes 

with TPQP-Cl loading of 10 wt% and 30 wt.% were 4.2 and 7.3 times that of control PSf 

membrane, respectively. This can be explained by combined wettability and porosity effects as 

discussed in Sections 3.2 to 3.4 and our previous work.14 Although the water flux of composite 

membrane increased with increasing the TPQP-Cl content, the memembrane with even a higher 

TPQP-Cl loading was not prepared because further increasing the TPQP-Cl content led to a 

reduction in mechanical strength of the membrane. It is worth mentioning that when the polymer 

concentration at a fixed PSf/TPQP-Cl ratio of 8:2 was increased from 15% to 18%, the water 
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flux of the composite membrane decreased significantly. This is because the 18% polymer 

solution has a higher viscosity than the 15% polymer solution as shown in Fig. 3, resulting in 

decreased TPQP-Cl gradient and smaller porosity.   

  

Figure 7. (A) Water flux of PSf and PSf/TPQP-Cl composite membranes as a function of 

transmembrane pressure. (B) Polyethylene glycol (PEG) molecular weight cut off (MWCO) 

curves of all membranes studied in this work.  

The MWCO and pore size of the PSf and composite membranes were determined using 

polyethylene glycol (PEG) as a probe molecule and the results are shown in Figure 7B. It can be 

seen from this figure that MWCO for control PSf membrane is about 62.5 kDa. The composite 

membranes showed a similar PEG rejection to control PSf membrane. The 90% PEG rejection 

rate was taken as MWCO value for each membrane, which was used to calculate the pore size of 

the active layer of the membrane. As it can be seen in Table 1 the pore size of the active layer 

does not significantly increase with increasing the content of TPQP-Cl. This is consistent with 

SEM observation on membrane top surface.  

The PES/TPQP-Cl membrane in our previous study exhibits a water permeability of 14.6 l m-

2h-1kPa-1, which is 35 times higher than that achieved by the pure PES membrane (0.46 l m-2h-

1kPa-1). This indicates that the water permeation enhancement in PES/TPQP-Cl membranes is 
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much greater than that in PSf/TPQP-Cl. As discussed in previous sections, TPQP-Cl with PSf is 

higher miscibility than with PES. This is expected since TPQP-Cl is derived from PSf (Figure 1). 

A higher miscibility can result in smaller average pore size and subsequently lower water flux.28 

On the other hand, given a greater wetability difference between PES and TPQP-Cl, the 

wettability gradient of the PES/TPQP-Cl membrane is more pronounced than that in PSf/TPQP-

Cl membrane. Therefore, adding TPQO-Cl is an effective way to tailor microstructure and pore 

surface chemistry of ultrafiltration membrane to improve water flux at similar pore size. 

4. Conclusion 
The effect of adding TPQP-Cl into PSf ultrafiltration membrane on the porosity, water content, 

wettability, morphology, water flux and MWCO of the resultant membranes was investigated in 

comparison with TPQP-Cl/PES membranes. Like TPQP-Cl/PES composite membranes, the 

morphological analysis of the blend membranes showed that the connectivity of the pores was 

improved by addition of TPQP-Cl. XPS and contact angle analysis revealed that there exists a 

wettability gradient coupled with a positive charge density gradient that increase from the top 

surface to the bottom surface in the PSf/TPQP-Cl membranes. The porosity, water content and 

pure water flux of the PSf membranes were enhanced with increasing the TPQP-Cl content. In 

particular, the MWCO of the membrane did not increase much while the water flux was greatly 

improved. But the water flux enhancement observed in PSf/TPQP-Cl membranes was much less 

pronounced than that in PES/TPQP-Cl membranes due to a miscibility difference between the 

main component and the additive. This study indicates that adding a charged polymer additive 

with a switchable wettability before and after hydration leads to a unique membrane structure, 

favoring water permeation; the miscibility difference between the main component and the 
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additive is a key parameter for effective engineering of ultrafiltration membranes with desirable 

structures for fast water permeation. 
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