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Abstract 

Blending as a modification method of membranes has gained much attention recently in the membrane industry, 

membrane material, and process development. The major preferred criterion in any membrane process/materials is 

to possess high performance in terms of flux and selectivity, as well as reduced fouling parameters. 

Polyethersulfone (PES) membranes have been widely used for separation and purification purposes due to their 

chemical stability, thermal stability, and outstanding oxidative property. However, the PES membrane itself is 

susceptible to fouling (which causes a catastrophic loss in flux) via adsorbing the pollutants either on the membrane 

external surface or within the membrane pores due to the intrinsic hydrophobic features of PES. Hence, blending 

PES membranes with different hydrophilizing agents has been demonstrated. Given the importance of the 

modifying material for PES membranes and their operation, we decided to dedicate this review solely to up-to-date 

used additives blended with PES. In the first section, a general introduction related to membrane technology-water, 

problem nexus has been mentioned. While in the second section, a wide range of hydrophilizing agents (e.g. 

amphiphilic polymers, graphene oxide (GO)-based nanofillers, and GO-based nanofillers combined with pore-

forming agents) added to PES membranes were reviewed. The key factor of additives addition is to overcome flux-

rejection trade-off. From this review, we can say that these additives did improve the permeance of water with a 

minimal loss of solute rejection. Findings from various individual studies were analyzed and discussed to provide 

a critical review of this subject. 
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1. Introduction 

This review article is organized into five 

subsections, the most comprehensive one will be 

concerned with the polymeric additives used for 

improving the performance of PES-based membranes 

that are used for water filtration applications. An 

attempt had been made to cover the most important 

and up-to-date additives (at least by mentioning them 

in the respective context).  

In general, the membranes may be made up of 

either polymeric or inorganic based materials. 

Polymeric membranes are much favoured than 

inorganic membranes from a practical point of view, 

due to ease in processing and appropriate robustness 

[1]. Some of these membranes are already applied at 

an industrial scale such as desalination by reverse 

osmosis (RO), wastewater treatment, lithium-ion 

batteries, and membrane-based fuel cells  [2]. Even 

though, they still need to be improved in terms of cost 

and affordability, energy consumption, and expertise. 

To bridge the gap between the advantages and 

drawbacks of membrane technology, advances in 

membrane materials specifically are urgently required.  

Various membrane materials, such as cellulose 
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acetate (CA) [1, 3, 4], polysulfone (PSU) [5-8] 

polyethersulfone (PES) [9-14], polyacrylonitrile 

(PAN) [13], and polyvinylidene fluoride (PVDF) [15-

17]  have been used extensively for membrane-based 

water treatment (see 
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Table 1 for chemical structure and summarized 

comparison among the four polymers). 

For the membranes to be utilized in various 

applications, polymeric membrane materials should 

possess desired properties such as excellent 

mechanical strength, good anti-fouling resistance, 

high selectivity, high permeability, and good control 

of the pore size distribution over the entire membrane 

surface area [18]. This eventuates in a reduction in the 

production and maintenance costs over the long term 

[18] and guarantees sustainability. Technically, 

membranes made from purely hydrophilic materials 

are suffered from water swelling problem and so 

damage their integrity and rejections performance [8]. 

Consequently, as we devote this review to membrane-

based water treatment topic, a survey has been done of 

peer-reviewed publications related to “water 

treatment” and “type of membrane” of the last 16 

years, which is shown in Figure 1. Although few 

numbers of publications on polymeric membranes for 

water treatment were observed compared to the rest of 

water treatment technologies, PES and PSU-based 

membranes (Figure 1a) have gained much attention 

compared with other polymeric membranes, probably 

due to the fact that they show outstanding oxidative, 

thermal, and hydrolytic stability as well as good 

mechanical property [7, 19-22]. The percentages of 

published review articles for PSU, PVP, PP, CA-based 

membranes within the last 16 years ranged between 

14.8% to 19.6%, while for PES-based membranes the 

percentage is 11.2% (Figure b). To the best of authors’ 

knowledge, there are rare literature review has been 

made regarding blending PES with different kinds of 

additives. Usually, the review articles concerning PES 

membrane are deal with the modification generally 

through different methods such as bulk modification, 

blending, surface coating, grafting [18], and 

functionalization [23]. This review will shed the light 

on the preparation method, phase inversion, and the 

modification of the PES membrane by blending with 

different additives.    

 

Figure 1 (a) Number of peer-reviewed publications 

relevant to polymeric membranes for water treatment 

since 2004. (Data analysis of publications has been 

done using the Scopus scholar search system with the 

term “Water treatment” and “X membranes”, as of 

January 2021, where X is polyethersulfone (PES) or 

polyvinylidene fluoride (PVDF) or polypropylene 

(PP) or polysulfone (PSU) or Cellulose acetate (CA). 

(b) Comparison of the number of peer-reviewed 

publications from 2004 until 2021 as well as review 

articles on different membrane materials. 
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Table 1 Main polymers used in membrane formation via the non-solvent induced phase separation (NIPS) method 

[5, 15, 19, 24].  

Polymer Chemical structure Advantages Disadvantages 

PES and 

PSU 

 

▪ High thermal resistance. 

▪ High chemical resistance (pH 

1-13).Good chlorine 

resistance. Flexibility in 

fabrication (different 

modules). 

▪ High mechanical stability. 

▪ Low operating pressure 

limits 

▪ Hydrophobicity  

PVDF 

 

▪ High thermal resistance. 

▪ High chemical resistance (pH 

1-13). 

▪ Hydrophobicity 

CA 

 

▪ Hydrophilicity  

▪ Low cost 

▪ Flexibility in fabrication 

▪ Low thermal resistance (< 

30 ⁰C. 

▪ Low chemical resistance 

(pH 4-6). 

▪ Easily attacked by 

microorganism 

 

2. Phase inversion methods 

Phase inversion is a widely accepted method to 

fabricate membranes with various porous structures to 

meet the various demands of different membrane 

technologies [25]. In this method, as displayed in 

Figure 2, a homogeneous polymer solution with a 

certain composition is prepared beforehand. After 

casting this solution over a glass or support (e.g. 

polypropylene support; non-woven supports) and let 

to be coagulated, the thermodynamic equilibrium of 

the prepared polymer solution is then varied through 

some physical ways, resulting in a transformation of 

the solution from a single-phase into two phases. The 

concept of phase inversion covers a range of different 

techniques such as non-solvent induced phase 

separation (NIPS), thermally-induced phase 

separation (TIPS), evaporation induced phase 

separation (SIPS), vapor-induced phase separation 

(VIPS), and immersion precipitation [26], based on 

different physical ways of changing the 

thermodynamic states of the solution. The differences 

among these phase separation processes are as follow: 

• TIPS: A method for preparing a polymer 

membrane by mixing the polymer with a 

substance that acts as a solvent at a high 

temperature and casting the solution into a film. 

When the solution is cooled, solidification occurs 

[27]. 

• NIPS: the homogenous polymer solution is 

dropped in a non-solvent coagulation bath (in 

most cases water). The exchange of solvent and 

non-solvent is happened owing to the miscibility 

between the solvent and non-solvent results in 

demixing and precipitation behavior.  

• VIPS: the polymer solution is exposed to an 

atmosphere containing a non-solvent (typically 

water); the non-solvent will then diffuses into the 

solution inducing phase separation [28].   

• SIPS: Here, the used solvent and/or non-solvent 

are volatile where the volatility of solvent is 

higher than that of non-solvent, and the solvent is 

allowed to evaporate, leading to precipitation or 

demixing/precipitation.  The porous morphology 

is thus formed by the thermal removal of non-

solvent [26]. 

 

 
Figure 2 Representation of NIPS of PES 

membrane 

 

3. Modification of PES-based membranes 

Membrane modification is a classic solution for 

fouling issues raised by using PES-based membranes. 

it can be achieved by using different approaches such 

as (1) bulk modification of PES material, then to 

prepare PES membrane; (2) surface modification of 
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the already fabricated PES membrane; and (3) 

blending of PES polymer before casting [18, 20, 21]. 

Sulfonation and carboxylation methods of PES 

materials were mostly reported for bulk modification 

[18]. Surface modification of PES membranes is 

another approach in mitigation PES fouling (see 

Error! Reference source not found. as an example) 

[29]. Recently, Kochkodan et al., [29] have published 

a review about surface modification of polymeric 

membranes for minimizing (bio)colloidal fouling. In 

this review, more specifically, PES membranes have 

been grafted, treated with plasma, and coated. Apart 

from membrane modification, in blending 

modification; modifying the entire membrane can be 

done at the dope solution level.  

The blending technique is characterized by its 

simplicity and effectiveness; so, it is used extensively 

to fabricate high-performance membranes. Also, 

blending these polymers with other materials can 

combine the advantages of the individual materials to 

enhance the characteristics of the final product such as 

the reported results [5, 9, 11].  In this context, many 

additives have been blended to PES to improve 

membrane performance such as polyethylene glycol 

(PEG)[5, 30], polyvinylpyrrolidone (PVP)[14, 31-34], 

and alcohols [35].  

What we know about blending PES with additives 

is largely based upon empirical studies that investigate 

how these additives altered the properties of PES 

membranes [36]. In this regard, blending is a highly 

demanded method as stated previously. Hence, the 

miscibility of each polymer (i.e. PES and the additive) 

in the used solvent is a critical factor.  

 

4. Additives used for improving PES membrane 

performance 

In 2018, Otitoju et al., [37] have published a review 

discussing recent advances in hydrophilic 

modification and the performance of the PES 

membrane via additives blending approach. This 

review offers some important insights into the tailored 

criteria of PES-based membranes in terms of 

membrane characters and performance. However, this 

review gave low attention to polymeric additives. This 

point is critical as vast of available-commercial 

membranes are composed of base polymers (e.g., PES) 

and polymeric additives. Besides, the review 

published by Al-anzi et al [23] in which the blending 

technique has not been covered very well instead, 

different surface modification techniques were given 

attention. Surface modification of PES-based 

polymers is still not scalable modification way unlike 

the blending one. So, in this review, we have covered 

these issues. 

 

1.1. Hydrophilic additives 

There is a consensus among membrane scientists 

that decreasing the membrane surface contact angle 

values is an effective approach to diminish membrane 

fouling [7, 11, 20, 38, 39]. Enormous numbers of 

hydrophilic additives are being used for this purpose 

including but not limited to PVP [9, 30, 32], PEG [38, 

40], and poly(1-vinylpyrrolidone-costyrene) [40]. 

 

1.1.1. PVP  

PVP is used extensively with PES membranes due 

to not only its ability to reduce the hydrophobicity of 

PES, but also, for pore formation [9, 33, 41]. They 

found that the addition of small quantities of PVP of 

different molecular weights to a phase inversion 

ultrafiltration membrane resulted in an increase in 

permeability without significant changes in the 

selectivity  [42]. A considerable amount of literature 

has been published on blending PVP with PES 

membranes. 

Table 2 depicts some of these publications.  

Table 2 PVP additive blended with PES membrane 
PES Type M. Wt. 

PES (%) 
PVP %  

(MW) 
Solvent 

PWP L.m-2.h-

1.bar-1 

Rejection % 

(solute) 
Ref 

Ultrason 

E6020P 

58000 
16 25,000 DMAc 77 99 (protein) [42] 

Ultrason 

E6020P 

58000 
20 25,000 DMF 1.1 

75 (3,5 

Dinitrosalicylic acid) 
[43] 

Solvay 

Company 

62000 – 

64000 Da 
15 158,000 NMP 377 - [39] 

Solvay 

Company 

62,000 – 

64,000 Da 
20 188,000 NMP 110 - [39] 

Solvay 

company 

3100P 

 

16  10 (40,000) NMP 418 
50 (bovine serum 

albumin (BSA)) 
[32] 
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3100P 

Solvay 

company 

 

18 10 (40,000) NMP 108 90 (BSA) [32] 

  15Ultrason E 

6020 P 
1,010,000 NMP ≈110 71 (BSA) [9] 

  20Ultrason E 

6020 P 
3 (40,000) DMF ≈44 65(BSA) [7] 

  20Radel A-

200 
1,010,000 NMP 13 98±2 [44] 

  25Veradel P 

3100, 35,000 

Da 

16 (40,000) NMP 135 95 (PEG,35000 Da) [31] 

  18Ultrason 

E6020P with 

MW= 58,000 

g/mol) 

1 (25,000) DMAc 1.3 20 (Na2SO4) [45] 

  21 

Ultrason 

E6020P with 

MW= 58,000 

g/mol) 

1 

29,000 
DMAc ≈5 

89 (Reactive Green 

19 dye) 
[21] 

  18 

Ultrason 

E6020P with 

MW= 58,000 

g/mol) 

1 

25,000 
DMAc ≈ 67 98 (BSA) [22] 

  17 

Ultrason 

E6020P with 

MW= 58,000 

g/mol) 

1 

25,000 
DMAc ≈ 13 No rejection data [46] 

  16Ultrason 

E6020P with 

MW= 58,000 

g/mol 

225,000 DMAc ≈17 ≈ 62 (HA) [47] 

  20Ultrason 

E6020P with 

MW= 58,000 

g/mol 

130,000 DMAc 2.1 ≈ 90 (Direct Red 16) [48] 

  22SOLVAY 

(MW not 

defined) 

4PVP (MW 

not defined) 
NMP 1.5 17 (MgSO4) [49] 

  18Ultrason 

E6020P with 

MW= 58,000 

g/mol 

229,000 DMAc ≈167 No rejection data [50] 

 

MW of PVP has a dramatic effect on PES 

membrane characteristics as detailed by Astakhov et 

al., (2013) [51]. In their work, PVP K30 and PVP K90 

brands were used as hydrophilizing additives for the 

PES membrane. PVP addition has resulted in 

formation of membranes with higher porosity 

compared to neat PES which confirms that PVP 

changed the thermodynamic characteristics of the 

system during NIPS. Additionally, it is worth noting 

that PVP with higher MW leads to the formation of 

more pronounced “nodular” structures (see Figure 3).  

 

1.1.1. PEG  

Much of the current literature on PEG 

blended PES membranes pays particular attention to 

the effects of MW and concentration of the used PEG 

on the membrane properties (see 
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Table 3).  In terms of PEG's MW and 

concentration, Idris et al. (2007) and Liu et al. (2003) 

[38, 52], observed that using higher MW of PEG from 

200 Da to 600 Da increased both membrane porosity 

and PWP, however, molecular weight cutoff (MWCO) 

of the fabricated membranes had been increased from 

26 KDa to 45 KDa (i.e. low rejection efficacy).  
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Table 3 PEG additive blended with PES polymer from different companies 

PES type and 

% 
PEG%, MW Solvent 

PWP L/ m2 

.h1.bar1 
Rejection modulation Ref 

BASF PES 20 

% 

-15 

-600 
DMF ≈76.5 

MWCO 

(45KDa) 
HF [52] 

PES 25% 
-6 

-600 
NMP 56 98±1 (BSA) 

HF, 

spinning 
[53] 

PES Ultrason 

E6010P 20 

-37.5 

-400 
NMP 940 100 (BSA) 

HF, 

spinning 
[38] 

PES Ultrason 

E6010P 20 

-3-9 

-MW is not 

defined 

DMF 1-14 5-10 (Cu II) FS [54] 

HF: Hollow fibre, FS: flat sheet 

 
Figure 3 Electron microscopic images of the top surface, the centre of the cleaved surface, and the substrate side 

of membranes prepared from solutions with admixed PVP of various molecular weights: (a,e,i) 0 % PVP, (b,f,j) 

2.5% PVP with Mw=1.3×106, (c,g,k) 5% PVP with Mw=1.3×106, (d,h,I) 5% PVP with Mw=58×106 [51]. 

 

1.1.2. Other hydrophilic additives 

For instance, aaddition of cellulose-based 

derivatives such as cellulose acetate and cellulose 

acetate phthalate (CAP) proved enhancements in PES 

membrane properties [55, 56]. Sun and Chen (2016) 

[56] blended CA with PES to form UF membranes of 

improved hydrophilicity and antifouling properties. 

Maleic acid and piperazine were blended with PES 

polymer as reported by Chaturvedi et al., (2001) [57] 

to examine the effects of acidic or basic nature (of the 

additive) on the PES-membrane performance. It has 

been found that Maleic acid addition almost tripled the 

water flux of neat PES membrane, while piperazine 

retarded the resultant flux to its half. Such behaviour 

may be attributed to the viscosity effect. Mehrparvar 

et al., (2014) [47] modified PES membranes using 3,5-

diaminobenzoic acid (DBA) and gallic acid (GA) 

utilizing the NIPS method. Experimental results 

showed that the different component ratios of each 

monomer affected the structural property of blended 

membranes and surface roughness. Phosphotungstic 

acid (PWA, 12WO3.H3PO4.xH2O) has been added to 

polymer matrix by both Ghaemi and Nasirmanesh 

(2018) [58] in this TFC membranes for herbicide 

removal. The study carried out by Kumar and 

Arthanareeswaran [59] explored novel additives to 

PES such as nanocurcumin. They found that the 

addition of extracted nanocurcumin material to PES 

has improved the biofouling resistance ability of the 

PES membrane against Escherichia 

coli and Pseudomonas aeruginosa combined with 

improved water permeance. 

Rahimpour et al. (2010) [60], utilized 

hydrophilic monomers with small MW such as acrylic 
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acid (AA) and 2-hydroxyethyl methacrylate (HEMA) 

as additives for PES polymer. Both monomers bear 

hydroxyl and carbonyl functionalities leading to better 

surface hydrophilicity and porosity of the blended PES 

membrane. Besides, atomic force microscopy (AFM) 

and scanning electron microscopy (SEM) images 

(Figure 4) showed that a smooth and nano-porous 

membrane with a smaller pore size is obtained. As a 

result, the pure water fluxes of the membranes were 

decreased while protein rejections and antifouling 

properties of the membranes were improved. In 

separate work, Propionic acid (PA) has been studied 

as an additive [25]; where Laninovic (2005) [61] 

showed that the addition of propionic acid in a 

polymer solution inhibited the growth of macro voids, 

which resulted in improved mechanical characteristics 

of the formed membranes  as well as decreased water 

flux. Besides, Fang et al. (2015) [62], proved that the 

introduction of Polyethyleneimine (PEI) to PES  

increased both the pore density and thickness of the 

skin layer. In addition to, the water contact angle, 

protein adsorption and platelet adhesion were 

obviously decreased after grafting BSA onto the 

membrane surface, meanwhile the water flux of the 

membrane was significantly increased.  
(I) 

 

  

II 

 
III 

 
Figure 4 The morphological patterns for the 

fabricated membranes (I) surface SEM images  (II) 

Cross-sectional SEM images, and (III) AFM images 

of membranes prepared: (a) without hydrophilic 

monomers (b) with 5wt.% AA and HEMA (c) with 

15wt.% AA and HEMA [60]. 
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1.2. Amphiphilic Co-additives 

One general issue of using pure hydrophilic 

additives is the elution of this additive from the PES 

matrix; so that, more recent attention has focused on 

the provision of amphiphilic block copolymers as 

additives in membrane preparation processes [63].  

Soybean phosphatidylcholine (SPC) has been used to 

modify PES to increase the membrane resistance to 

protein adsorption [64]. Similarly, Zhu et al. (2007) 

[65], increased the fouling resistance of the fabricated 

membranes by adding styrene-maleic anhydride 

(SMA) to the PES membrane. Also, Fang et al. [66] 

blended PES with SMA alternating copolymer and it 

was found that the surface hydrophilicity and protein-

adsorption resistance were improved. The amphiphilic 

sulfobetaine copolymer (DMMSA–BMA) was added 

to PES and hydrophilicity was increased noticeably 

[64] but the modified membranes showed a slight 

improvement in pure water flux. In the same track, a 

pH-sensitive hollow fiber membrane was prepared 

using a synthesized terpolymer of poly 

(methylmethacrylate–acrylic acid–vinyl pyrrolidone) 

P(MMA-AA-VP) [63].  

Pluronics copolymer composed of a central 

hydrophobic poly (propylene oxide) (PPO) edged by 

two hydrophilic poly(ethylene oxide) (PEO) (e.g. 

Pluronic F127) [67]. This sequence is reversed when 

PEO units are in the centre (e.g. P31R1) [7].  There are 

limited studies regarding blending Pluronic polymers 

with PES. The first systematic study of blending 

Pluronic polymers with PES was reported by Wang et 

al. [67] in 2005. They alleviated the protein adsorption 

on PES membranes by blending Pluronic F127. 

Following this study, Wang et al., (2006) [68] studied 

the effect of Pluronic polymer content, kind, and PEO 

chain length on UF performance and fouling-resistant 

ability of blend membranes. In another work, Wang et 

al.,(2006) [69] studied the effect of Pluronic F127 

content on UF performance and sieving properties 

under different operating pressures from 0.5 bar to 3.0 

bar. It has been found that the operating pressure had 

a more favourable effect on the flux of blend 

membranes than that of the PES-control membrane.  

Susanto and Ulbricht [70] compared the 

effect of three different macromolecular additives 

PVP, PEG, and Pluronic F127 on the PES membrane 

structure and their stability in the polymer membrane 

matrix of the PES membrane. In another study, 

Pluronic F127 is used by Arahman et al., [71] to 

compare with other additives such as Tetronic 1307 

and PVP. All of these pluronic polymers having 

normal sequence (PPO-PEO-PPO) while in the work 

done by Abdel-Karim et al. (2017) [7], the used 

Pluronic was in reverse sequence (i.e. PEO-PPO-PEO) 

( e.g. P31R1).  Recently, Pluronic F127 at different 

ratios was blended with PES to separate xylitol from 

sugars solutions, and also the fouling mitigation 

effect under the presence of Pluronic in the membrane 

was observed and reflected in production of higher 

water flux [72]. Different types of Pluronic utilized 

with the PES matrix are tabulated in Tetronic acids 

(TA) are used as amphiphilic additives with PES-

based membranes in very few research publications. 

To the best of the authors' knowledge, the first paper 

that utilized TAs as additives was published in 2008 

by Arahman et al., [73]. In this work, Tetronic 1307 

was used as an additive to form PES hollow fiber 

membrane and the prepared membranes were treated 

with hypochlorite to test their stability. Recently, 

Abdel-Karim et al. (2017) [7], used Tetronic 904 as a 

subclass from TAs. In their work, it was found that the 

addition of 5 wt% of T904 improved the flux of PES 

membranes from 2 LMH/bar to ≈64 LMH/bar without 

retarding BSA rejection. Abdelsamad et al. (2017) 

[74], prepared electrospun PES/T901 nanofibrous for 

water treatment purposes.  

Apart from amphiphilic polymers, various 

surfactants, which is amphiphilic in nature, have been 

used to improve the properties of PES. In a study 

carried out by Rahimpour et al., (2007) [75], the 

effects of three different kinds of surfactants namely 

sodium dodecyl sulfate (SDS) as an anionic surfactant, 

cetyl three methyl ammonium bromide (CTAB) as a 

cationic surfactant, and Triton X-100 as non-ionic 

surfactant on the structure and ultrafilter behavior of 

PES were investigated. The experimental data showed 

that the small wt.% of surfactants in the dope solution 

increases the porosity of the membrane support layer, 

improves permeation and separation characters. To be 

more precise, pure water flux without addition 

surfactants was 170 kg/m2.h and the addition of SDS, 

CTAB, and Triton-X 100 caused about 3-4 fold 

increase in water flux with a minimal reduction in 

protein rejection. 

 

Table 4. 

Tetronic acids (TA) are used as amphiphilic 

additives with PES-based membranes in very few 

research publications. To the best of the authors' 

knowledge, the first paper that utilized TAs as 

additives was published in 2008 by Arahman et al., 

[73]. In this work, Tetronic 1307 was used as an 

additive to form PES hollow fiber membrane and the 

prepared membranes were treated with hypochlorite to 

test their stability. Recently, Abdel-Karim et al. (2017) 

[7], used Tetronic 904 as a subclass from TAs. In their 

work, it was found that the addition of 5 wt% of T904 

improved the flux of PES membranes from 2 LMH/bar 

to ≈64 LMH/bar without retarding BSA rejection. 

Abdelsamad et al. (2017) [74], prepared electrospun 

PES/T901 nanofibrous for water treatment purposes.  

Apart from amphiphilic polymers, various 

surfactants, which is amphiphilic in nature, have been 

used to improve the properties of PES. In a study 

carried out by Rahimpour et al., (2007) [75], the 

effects of three different kinds of surfactants namely 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/fouling
https://www.sciencedirect.com/topics/engineering/mitigation-effect
https://www.sciencedirect.com/topics/engineering/mitigation-effect
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sodium dodecyl sulfate (SDS) as an anionic surfactant, 

cetyl three methyl ammonium bromide (CTAB) as a 

cationic surfactant, and Triton X-100 as non-ionic 

surfactant on the structure and ultrafilter behavior of 

PES were investigated. The experimental data showed 

that the small wt.% of surfactants in the dope solution 

increases the porosity of the membrane support layer, 

improves permeation and separation characters. To be 

more precise, pure water flux without addition 

surfactants was 170 kg/m2.h and the addition of SDS, 

CTAB, and Triton-X 100 caused about 3-4 fold 

increase in water flux with a minimal reduction in 

protein rejection. 

 

Table 4 Various Pluronic polymers with PES membrane 

Pluronic  Total MW PEO content 

(wt. %) 

MW of PPO 

(Da) 

MW of PEO 

(Da)  

HLB* (-) Ref  

L44 2200 40 1160 1040 12-18  [68] 

P123 5800 30 3920 1880 7-12  [68] 

F68 8400 80 1680 6320 >24  [68] 

F127 12600 70 3780 8820 18-23  [67-71] 

F108 14600 80 2920 11680 >24  [68] 

P31R1 3250 10 2925 325 1-7  [7] 
* Hydrophilic / lipophilic balance. 

1.3. Nanoparticles as additives for enhanced PES 

membrane performance 

More recent attention has focused on the 

incorporation of inorganic materials in the membrane 

matrix (i.e. mixed matrix membranes MMMs) [11, 24] 

. The main purposes of using NPs are tuning the 

membranes with a required structure besides their 

ability to alter membrane fouling resistance through 

the hydrophilic functional groups on NPs surface [11, 

21, 76].  

 

For example, Khosravi et al (2022) 

[https://doi.org/10.1016/j.chemosphere.2021.133335] 

has blended PES polymer with Mil-125(Ti)/Chitosan 

nanocomposite to form PES-Mil-125 (Ti)/Chitosan 

MMMs. Morphological changes as proved by SEM 

analysis showed uniform size and more compatible 

structure for synthesized nanocomposite. High surface 

wettability and flux observed for the PES-Mil-

125(Ti)/Cs membranes (from 12.8 L/m2h for bare PES 

to 131.6 L/m2h for the best performing one). Arefi-

Oskoui et al (2022) [https://doi.org/10.1016/j.seppur. 

2021.119822] has prepared a nanocomposite of 

MoS2 nanosheets and oxidized multi-walled carbon 

nanotubes (O-MWCNTs) using the hydrothermal 

method and then used as a nanoadditive for the 

improvement of PES polymeric membrane. Well 

defined asymmetric structure as well as improved 

performance ( in terms of permeability of 64.1 L/m2 h 

bar, and high pollutants removal of 93.5% for reactive 

blue 19, 97.5% for rifampicin, 98.4% for reactive red 

195, and 99% for bovine serum albumin) has been 

obtained. Besides, Ni@UiO-66) [https://doi.org/10. 

1016/j.jcis.2022.03.106] and Fe3O4 decorated 

halloysite nanoclay [https://doi.org/10.1016/j.envres. 

2021.112113]  were used to improve PES 

performance. it had been reported that GO 

nanoparticles have been proved to enhance the 

mechanical stability of PES-based membranes [11]. In 

the aforementioned example, how hydrophilic 

functional groups such as carboxyl, epoxy, and 

hydroxyl functional groups on edges and planes of 

graphene oxide (GO) would provide the membrane 

surface with a large negative charge which prevents 

the accumulation of foulants (e.g. Bovine serum 

albumin; BSA) on the membrane surface as a result of 

electrostatic repulsion between the surface and BSA.  

 

1.3.1. Ag NPs 

Biofouling is a detrimental phenomenon to 

membrane-based water treatment, as a result, many 

efforts have been done to overcome this obstacle. 

Basri et al., have used Ag NPs to inhibit bacterial 

growth on the membrane surface [77]. Besides, it has 

been found that Ag NPs can hinder the intra-pore 

biofouling and inhibit the biofilm growth at the 

membrane surface [78, 79]. It has been reported that 

the loss of Ag NPs may result from a weak adhesion 

of the Ag NPs with the PES matrix [77]. In another 

work, the addition of 2,4,6-triaminopyrimidine (TAP) 

and PVP had been proved to be effective additives in 

diminishing the leaching of Ag NPs as well as to 

produce membranes with an improved distribution in 

the membrane matrix [80]. Zhang and co-workers [81] 

used an alternative form of Ag called biogenetic Ag 

NPs (bio-Ag) as an additive to the PES during the 

membrane fabrication. PWP and antibacterial activity 

of modified PES membranes have been improved 

significantly (i.e. duplicate in PWP). Recently, 

combining Ag with other metal NPs has to form 

bimetallic NPs has been reported such as the study 

reported by Masheane et al., (2017) [82].  

Ghalamchi et al., [83] prepared and 

characterized a new PES MF membrane containing g-

C3N4 nanosheets/Ag3PO4 nanoparticles. High 

hydrophilicity and the antibacterial properties of 

Ag3PO4-NH2 NPs made them a superior choice to be 

combined with carbon nitride (g-C3N4) nanosheets to 

https://doi.org/10.1016/j.chemosphere.2021.133335
https://www.sciencedirect.com/science/article/pii/S138358662101529X?casa_token=bwA2dLX5P2AAAAAA:ksnKZGlIrS3FLSH1w95p54WoR4nL2vhZlTQwlqGECtFXPYl2kTWIge1YYI_x7Ae1_qKQ2QLtN18#!
https://www.sciencedirect.com/science/article/pii/S138358662101529X?casa_token=bwA2dLX5P2AAAAAA:ksnKZGlIrS3FLSH1w95p54WoR4nL2vhZlTQwlqGECtFXPYl2kTWIge1YYI_x7Ae1_qKQ2QLtN18#!
https://doi.org/10.1016/j.seppur.%202021.119822
https://doi.org/10.1016/j.seppur.%202021.119822
https://doi.org/10.%201016/j.jcis.2022.03.106
https://doi.org/10.%201016/j.jcis.2022.03.106
https://doi.org/10.1016/j.envres.%202021.112113
https://doi.org/10.1016/j.envres.%202021.112113
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modify the PES membrane characteristics as a 

nanofiller additive.  

 

1.3.2. TiO2 

Utilizing TiO2 NPs in membrane technology 

has attracted considerable attention due to their 

superior surface, catalytic and antifouling characters 

[84, 85]. Vatanpour et al., [86] used three types of 

TiO2 NPs (P25, PC105, and PC500) with various sizes 

that were applied for the preparation of mixed matrix 

PES-based membranes. The flux recovery percentage 

of the nascent PES membrane was increased from 56% 

to 91% by blending 4 wt.% P25 NPs. Interestingly, at 

a low concentration of TiO2, the nanoparticles with 

small size caused more biofouling reduction because 

the aggregation of the NPs was not prominent at a low 

amount. In another work, coupling TiO2 NPs with UV 

irradiation for modification of PES-based membranes 

[87].  Sotto et al.,[88] utilized lab prepared TiO2 

(anatase) in order to study the effect of NPs 

aggregation at low concentrations of TiO2 on the 

hydrophilicity, morphology, and fouling resistance of 

PES–TiO2 membranes. Antibacterial activity is also a 

characteristic property of TiO2 NPs  [89]. 

Consequently, toxic TiO2 NPs had been transformed 

into benign TiO2 via sulfonation (STiO2) step [90]. this 

study may suggest that the PES-TiO2 and PES-STiO2 

nanocomposite membrane is more sustainable than the 

PES membrane. Ayyaru and Ahn [91] have found that 

PES/sulfonated TiO2 (STiO2) NPs UF blended 

membranes possessed an enhanced properties (e.g. 

surface roughness, porosity, and pore size when 

compared to the PES membrane). More literature 

regarding NPs is tabulated in  

 

Table 5. 

The findings of the efficient absorbing ability 

of magnetite (Fe3O4) NPs towards As(V) [92] should 

make an important contribution to the field of 

membrane. However, to obtain desirable performance 

of Fe3O4, surface modification of Fe3O4 NPs, using a 

silane agent (APTES), is a novel method utilized to 

reduce their agglomeration before impregnation into 

PES membranes [93]. The findings from [94] may 

make an important contribution to the field of 

membrane technology. In this report, and for the first 

time according to authors, in situ-generated 

homogenous yttrium (Y)-based NP/polyethersulfone 

(PES) composite adsorptive membranes were 

developed.  

Currently, few studies considered 

incorporating activated carbon nanoparticles (ACNPs) 

into mixed matrix PES-based membranes. In a study 

conducted by Hosseini et al., [95], ACNPs embedded 

mixed matrix asymmetric PES based NF membranes 

were prepared by solution casting to increase the 

removal efficiency of sulfate and copper ions from 

water.  Another study [50] provided an important 

opportunity to advance the understanding of adding 

two different NPs with different loading to the PES 

matrix. In this study, novel PES UF membranes 

blended with different contents of the CuO/ZnO 

(CZN) nanocomposite were prepared by NIPS. The 

authors claimed the usage of ZnO NPs with CuO 

caused a higher hydrophilic behaviour for the 

fabricated membranes than usage ZnO alone in 

improving the membrane properties. 

Mohammadnezhad et al., [96] have developed a new 

PES NF membrane modified with nanocrystalline 

Ce(III) metal-organic framework (MOF), prepared via 

the NIPS method and characterized using SEM, AFM, 

water contact angle, and porosity measurements.  

In a  separate piece of work, Gumbi et al., 

[97] succeeded in preparing macro void-free 

PES/SPSf/O-MWCNT ultrafiltration membranes with 

improved mechanical strength, antifouling, and 

antibacterial properties. Such spongy morphology 

provided excellent mechanical strength as well as BSA 

separation properties. Salim et al., [98] studied the 

effects of hydrophilic surface macromolecule modifier 

loading on PES/O-g-C3N4 (LSMM) hybrid 

photocatalytic membrane for phenol removal.  The 

results show that the LSMM addition increased the 

membrane hydrophilicity which may consequently 

prevent the membrane from comprehensive fouling.  

 

 

Table 5 Performance comparison of some mixed matrix membranes (MMMs). 

PES 

(wt.%) 

NPs (wt.%) Co-additive 

(wt. %) 

Permeability 

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

Rejection % (pollutant) Ref 

20 MWCNTs (0.5) No additive ≈26 30 (NOM) [99] 

16 CNT (1) PVP (4) ≈60 86 (BSA) [76] 

15 TiO2 (0.5) PVP (5) ≈596 No rejection data [100] 

18 Al2O3 (0.05) No additive ≈1268 No rejection data [101] 

15 AgNO3 (0.5) PVP (0.5) ≈32 No rejection data [77] 

18 Biogenic-Ag0 (1) No additive ≈120 No rejection data [79] 

27 ZnO (0.125) No additive ≈50 ≈40 (Methylene blue) [102] 

15 HMO;hydrous 

manganes oxide 

(23.08) 

PVP (1.15) ≈ 28.5 ≈ 97.2 (Oil) [103] 

18 Nano Cu (0.002) No additive ≈  249 ±(21.4) ≈ 51 (BSA) [104] 
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18 Nano Se (0.002) No additive ≈  121 ±(17.1) ≈ 55 (BSA) [104] 

15 Cellulose 

nanocrystal (1) 

PVP (2) ≈ 195 ≈ 96 (BSA) [105] 

19 Sodium 

lignofulfonate-

CNTs (2) 

PVP (1) ≈ 600 ≈ 95 (BSA) [106] 

NA 

wt.% 

indium tin oxide 

ITO (NA) 

Surfactant 

BYK-106 

(NA) 

≈ 70 42 (TOC) [107] 

15 ZrO2 (85) No additive 467 90 (Dextran 40,000 Da) [108] 

17 Sulfonated 

hyperbranched 

polyethersulfone 

(SHBPES)-modified 

halloysite 

nanotubes (HNTs) 

(8) 

PVP (4) 351.6 98 (BSA) [109] 

 

1.3.3. Graphene-based nanofillers 

Over the past decade, most research in the 

material field has emphasized the use of GO due to its 

high hydrophilic nature as well as possessing attractive 

properties such as high mechanical strength,  low 

thickness, high flexibility, and a negatively charged 

surface, offering water dispersibility and good 

miscibility with polymers [11, 110]. Besides, GO can 

significantly improve the physical properties of the 

host polymers at very low dope concentration [11, 21] 

due to its high specific surface area. 

 Table 6 demonstrates performance data 

(PWP and rejection) of some recently published 

papers. As a general remark deduced from 

 

Table 6, the membranes that contain GO-

based nanofillers have PWP  up to 13 L.m-2.h-1.bar-1 

[11]. This improvement may confirm the pore-forming 

ability of GO-based nanofillers. However, these values 

may be not sufficient for real applications; so that, 

pore-forming agents have been added with GO. PVP 

is the most common pore-forming agent used [11, 49, 

111] and the wt.% of PVP ranges generally from 1.0% 

– 8.0%.  In some papers, the performance of the 

fabricated membranes without PVP has not been 

studied [20, 22, 112] so the improvement of 

membranes may be attributed to PVP, not GO-based 

nanofillers. It was found that GO addition has 

significantly improved the water flux of PES MMMs. 

GO also reduced the fouling property of PES 

membranes as proved by contact angle data and this 

ensures that membrane surface hydrophilicity was 

improved considerably due to the existence of 

functional groups of both GO and PAA. Moreover, 

GO+PAA and GO+LiCl enhanced the membrane 

performance in terms of flux, rejection and antifouling 

properties. This may suggest synergistic effects 

between GO and PAA and LiCl.  

Alternative forms of GO have been used 

recently in membrane fabrication and proved 

enhancements in different aspects. It is worth 

mentioning the work done by Vatanpour et al. [22] 

who achieved a pure water flux of 429.8 L.m-2.h-1 

with MMMs composed of PES and rGO/Ag.  Also, 

as-prepared GO was modified by hyperbranched 

polyethylenimine (HPEI) and then blended into PES 

casting solution to prepare PES UF membrane via 

phase inversion method [113]. Decorated TiO2 NPs 

onto reduced graphene oxide (rGO) sheets 

(rGO/TiO2) nanocomposite was used as an additive 

with PES membranes [21]. From this work, it was 

found that the addition of TiO2 to rGO has minimized 

the agglomeration of rGO as well as showed a better 

distribution in the PES matrix. rGO/TiO2 not just 

improved the hydrophilicity of PES membranes but 

also the antifouling properties of the PES 

nanofiltration membranes. In another work, PES/GO-

ZnO/PVP has been prepared via a unique membrane 

synthesis approach called double-casting phase 

inversion (DCPI). In this technique, the casting 

solutions are cast twice before coagulation [49]. 

Recently, Abdi et al., [114] utilized magnetic 

graphene oxide/metformin hybrid as a novel 

nanofiller additive to improve the morphological and 

performance criteria of PES-based membranes. It can 

be depicted from 

 

Table 6 that there is a growing attention in 

using GO with PES polymer. 
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Table 6 Summary of PES/Graphene-based filtration membranes.  

PES 

(%) 

Solvent 

type 

GO-based filler 

type 

Additive 

Type and 

concentration 

Membrane performance 

in term of rejection % (solute) 
Ref. 

18 DMAc 
HPEI-GO 

0 to 5 wt% 

PVP 

8wt%+0.8 

wt.% acetone 

60-85 % (PEG, 20,000 Da) [113] 

20 DMAc 0 to 1 wt% PVP 1 wt% 5.1 90-99 % (direct red 16 dye 637.5 Da) [112] 

18 DMAc 
rGO/Ag 0.05 to 

0.5wt% 
PVP 1wt% 66.7 No rejection data [22] 

13-17 DMAc 
GO 0.5 and 1 

wt% 
PVP 1wt% 91.4 (COD removal) [46] 

21 DMAc 
0.05 to 0.2 wt.% 

of rGO/TiO2 
PVP 1 wt% 

9 60-95 % (Three organic dyes, C. I. Reactive 

Green 19 (1418.9 g mol-1), C. I. Direct 

Yellow 12 (680.7 g mol-1) and C. I. Reactive 

Blue 21 (377.4 g mol-1) ) 

[21] 

20 DMF 0.3 % GO 5% T904 
245 74.3 % (BSA) 62.3 % (SY dye)35.4 % 

(AO dye) 
[11] 

20 DMF 0.1 % GO 5% P31R1 
91 96% (BSA) 84.9 % (SY dye) 38% (AO 

dye) 
[11] 

20 DMF 0.1 % GO 3% PVP 
68.5 90.1 % (BSA)94.5 % (SY dye)43.7 % 

(AO dye) 
[11] 

20 DMF 0.1 to 1.0% GO No additives 2-13 90-96 (BSA)80-84 % (SY dye) [11] 

17.5 DMAc 0-1 wt.% GO No additives 
≈1.9-3.1≈45-59% (synthetic melanoidin)≈40-

54 % (spent wash) 
[115] 

17.5 DMAc 1.0 wt.% GO 1 wt.% LiCl 
≈3.5 ≈54% (synthetic melanoidin)≈50 % 

(spent wash) 
[115] 

17.5 DMAc 1.0 wt.% GO 1 wt.% PAA 
≈4.4 ≈56% (synthetic melanoidin)≈49 % 

(spent wash) 
[115] 

16 NMP 0.5 % GO 2% PVP 
≈41.5 ≈26% (MB dye) ≈50% (MO dye) 

≈85% (CR dye) 
[116] 

22 NMP 
0-0.2 % GO-

ZnO 
4% PVP 1.5-13.5 17-28 % (MgSO4) [49] 

20 DMAc 
0-0.25 % PANI 

©GO 
1% PVP 1.5-2.180-98 % (Pb) [117] 

18 DMAc 

0-3 % UiO66 

and UiO-

66@GO 

8 % PVP 1.3-5 88-98 % (DR dye)80-88% (MO dye) [111] 

18 DMAc 
0-1 % GO and 

chitosan-GO 
1 % PVP 4.4-9.1 67-90 % (Na2SO4) [118] 

*role of GO in these publications is mainly pore forming agent and enhances solute rejection 

 

2. Conclusions 

The relevance of added additives to PES 

polymer is supported by the current findings in this 

review. Hydrophilic additives such as PVP or PEG, 

they are playing a critical role in the structural and 

performance characteristics of the fabricated PES 

membranes.  However, these polymers were found to 

be unstable in the formed membrane due to their 

solubility in water. Apart from using PVP and PEG 

polymers, other hydrophilic additives were reported to 

influence the characteristics of the membrane. Using 

amphiphilic additives reduced the protein adsorption 

resistance as well as increased the flux recovery ratio. 

In terms of stability of amphiphilic polymers on the 

membrane surface, the surface hydrophilicity was 

decreased due to the detachment of the hydrophilic 

group from the membrane surface as reported in used 

some Pluronic polymers. However, the copolymers of 

Pluronic showed better stability during the filtration 

experiment. The NPs that have been reported assists in 

our understanding of their ability to improve the 

characteristics of the PES membranes. NPs assist in 

the formation of a membrane with superior thermal 

and mechanical properties. The findings of the 

mentioned reports in this review suggest that the 

dispersion of NPs is a critical issue so optimizing the 

loading of NPs has been studied extensively. An 

increase in their concentration leads to aggregation in 
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the membrane structure. Ag and TiO2 NPs were found 

to be used to diminish the biofouling of polymeric 

membranes. Recently, graphene-based nanofillers 

such as GO and functionalized GO have drawn 

marvellous attention in membrane technology due to 

their exceptional mechanical and thermal properties.  
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