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Abstract
The present study focuses on the synthesis of high-antifouling  TiO2/3-cyanopropyltriethoxysilane (CPTES)/Metformin-
polyethersulfone (PES) membrane with various dosages of NPs (0.1, 0.5 and 1 wt%). The performance of the membranes 
was studied by the rejection of Cu(II) ions, COD content and dye removal from liquorice extraction plant (LEP) wastewater. 
The properties of the prepared nanoparticles (NPs) and membranes were identified by XRD, SEM, FT-IR, contact angle and 
AFM analyses. The permeability and antifouling tests were performed for all the blended nanocomposite membranes. The 
addition of NPs in the membrane network improves membrane hydrophilicity, permeate flux and flux recovery ratio (FRR) 
values due to the presence of amine, hydroxyl and silica groups on the membrane surface. The M4 (1 wt% of NPs) membrane 
is selected as an optimal nanocomposite membrane which exhibits a much higher pure water flux (37.2 kg m−2 h−1) and FRR 
value (98%). Also, the high permeation flux (25 kg m−2 h−1), COD removal (88%) and dye removal (98%) were achieved 
during filtration of LEP wastewater with COD concentration of 800 mg l−1 at pressure of 5 bar after 150 min.

Keywords PES nanofiltration membrane · TiO2/CPTES/metformin nanoparticles · Antifouling · Direct red 16 as an azo 
dye · Liquorice extraction plant wastewater · Heavy metal
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CPTES  Cyanopropyltriethoxysilane
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NF  Nanofiltration
MWCNTs  Multiwalled carbon nanotubes
B-TiO2–SiO2/CoFe2O4  Boron doped-TiO2–SiO2 cobalt 

ferrite
XRD  X-ray diffraction

FT-IR  Fourier transform infrared
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PWF  Pure water flux
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Jp  Powder milk solution flux
Jw,1  Pure water flux
Jw,2  Pure water flux after fouling
Rt  Total fouling resistance
Rr  Reversible fouling resistance
Rir  Irreversible fouling resistance
M1  Unfilled PES membrane
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nanoparticle
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nanoparticle
M4  Membrane with 1 wt% 

nanoparticle
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Introduction

Liquorice wastewater is a thick and brownish slurry waste 
that has water-soluble components with an unpleasant 
odor. It is a major source of pollution if it is discharged 
untreated into receiving waters, causing considerable 
environmental problems. The chemical oxygen demand 
(COD) content of liquorice wastewater is too high. Also, 
it is characterized as a low biodegradable wastewater. The 
effluent with low biodegradable characteristics is treated 
by coagulation, flocculation, heterogeneous photocata-
lyst and membrane filtration techniques (Alexander et al. 
2012; Barahimi et al. 2019; Ong et al. 2014). Rafiee et al. 
reported that the dye removal from LEP wastewater is 
achieved about 90% at COD concentration of 350 mg/L by 
polyoxometalate-TiO2 nanocomposite (Rafiee et al. 2020).

The water pollution from heavy metal ions has been 
known as another serious challenge. Despite the neces-
sity of some heavy metals as copper, selenium and zinc 
for living organisms, they can be considered as harmful 
trace elements when taken at concentrations over per-
missive limit. For instance, the presence of the excess 
amounts of copper ions  (Cu+2) in the human body might 
be responsible for strong health problems. Thus, they must 
be effectively eliminated from polluted effluents before 
introducing into water systems. Accordingly, various 
techniques are applied to remove heavy metal ions like 
solvent extraction, adsorption, precipitation, membrane 
filtration and ion exchange (Fang et al. 2018; Huang et al. 
2018; Martín et al. 2018; Zare et al. 2018). Generally, the 
adsorption process is being grown interested in wastewater 
treatment to remove heavy metals and dyes because of 
its excellent benefits (Ahluwalia and Goyal 2007). The 
extensive researches have already been focused on a series 
of porous materials such as natural inorganic, polymers 
and metallic nanoparticles as absorbance agents. Among 
these studies, the utilization of metal oxide nanoparticles 
as a nano-adsorbent has been getting a hot research issue 
(Ghorbannezhad et al. 2018; Hua et al. 2012). However, 
the separation and regeneration of nano-adsorbents from 
treated water have restricted their application.

On the other hand, nanoparticles tend to be agglomer-
ated during adsorption process due to having high inter-
facial energy. Consequently, adsorption ability decreases 
during passing time (Gupta and Gupta 2005). In order to 
overcome these challenges, the best way is embedding 
these nano-adsorbents into membrane matrix as porous 
support and preparation of nanocomposite membrane. 
However, it should be noted membrane fouling is the big-
gest obstacle for membranes, hampering their widespread 
application (Burman and Sinha 2018; Saljoughi et  al. 
2013; Won et al. 2012). So, incorporating nano-adsorbents 

into membrane body itself is an effective method to the 
mitigation of fouling phenomena (Yang and Mi 2013), 
since these adsorptive membranes possess different 
hydrophilic functional groups on the external and internal 
surfaces like –COOH, –SO3H or –NH2 which can bond 
with heavy metal ions and also promote membrane hydro-
philicity (Dereli et al. 2012; Saljoughi et al. 2013; Won 
et al. 2012). During recent years, many studies have been 
dedicated to blending metal oxide nanoparticles into mem-
brane casting solution, like  Fe3O4 (Ghaemi 2016b; Rahimi 
et al. 2014),  Al2O3 (Maximous et al. 2010), ZnO (Dipheko 
et al. 2017),  TiO2 (Das 2014), graphene oxide (GO) (Safa-
rpour et al. 2016) and  ZrO2 (Pang et al. 2014) to impart 
high hydrophilicity, fouling resistance and water flux to 
membranes. Among those, titanium dioxide  (TiO2) nano-
particle with adsorptive properties has gained too much 
attention in membrane fabrication owing to its prominent 
advantages (Safarpour et al. 2015; Yang et al. 2006). How-
ever, the interfacial interaction between polymeric matrix 
and inorganic nanoparticles is weak, which limits their 
application in the membrane preparation. Therefore, the 
surface of inorganic nanoparticles is modified with differ-
ent organic agents to form functional desire groups on its 
surface (Ghaemi and Daraei 2016; Jin et al. 2019).

The present study is an attempt to prepare polyethersul-
phone (PES) nanofiltration (NF) membranes modified with 
a novel kind of nanoparticles, which simultaneously enhance 
photocatalytic and filtration properties of membranes. The 
 TiO2-based nanoparticles are synthesized and functional-
ized with metformin with the help of silane coupling agent 
3-cyanopropyltriethoxysilane (CPTES). The available data 
in the literature reflected that no study has been reported to 
synthesis adsorptive membranes modified with metformin-
functionalized  TiO2 and its application to eliminate  Cu+2 
ions from aqueous solution and organism pollutants from 
liquorice extraction plant wastewater. In this work, the effect 
of this new type of additive was examined on adsorptive and 
antifouling characteristics of the prepared membranes. SEM, 
AFM and water contact angle measurements have been stud-
ied to the characterization of membranes.

Experimental

Materials

Metformin hydrochloride (N,N-dimethylbiguanide), 3-cyan-
opropyltriethoxysilane (CPTES) and Poly (N-vinylpyrro-
lidone) (PVP, Mw = 29,000) were purchased from Sigma-
Alderich, UK. Tetraisopropyltitanate  (C12H28O4Ti, TIPT, 
99 wt%), Copper(II) nitrate (Cu(NO3)2), N,N-dimethyl aceta-
mide (DMAc), acetonitrile, toluene, ethanol (99.9 wt%), 
hydrochloric acid (HCl), potassium carbonate  (K2CO3) and 
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potassium iodide (KI) were purchased from Merck, Ger-
many. Polyethersulfone (PES, Mw = 58,000 g mol−1, Ultra-
son E6020P) was obtained from BASF, Germany. Liquorice 
wastewater was collected from Zagros liquorice company, 
Kermanshah, Iran.

Fabrication of metformin‑functionalized  TiO2 
with silane coupling agent

TiO2 nanoparticles

TIPT (12 ml) was dropped into the mixture of ethanol 
(33 ml) and HCl (1 ml, 12 M) under vagarious stirring. The 
final solution was aged for 24 h at room temperature and 
then dried at 80 °C for 12 h. The dried powder was calcined 
at 450 °C for 2.5 h.

TiO2/CPTES/metformin nanocomposites

The synthesized  TiO2 nanoparticles (0.5 g) were dispersed 
in 0.5 ml of CPTES (0.5 ml) solution and dissolved in 50 ml 
of toluene. The solution was kept under ultrasonic bath (1 h) 
and then was refluxed (24 h at 110 °C) to generate activated 
 SiO2-Cl groups on the edges of  TiO2 particles. The  TiO2/
CPTES/metformin hybrid was synthesized from 0.5 g  TiO2/
CPTES and dispersed in 30 ml acetonitrile and 0.15 g met-
formin, 0.6 g  K2CO3, and 0.8 g KI was added and stirred for 
24 h at 80 °C. The white mixture was filtered and washed 
copiously with deionized water and ethanol and then dried in 
a vacuum at 70 °C. Eventually, the resulted magnetic product 
is  TiO2/CPTES/metformin hybrid.

Fabrication of PES‑TiO2/CPTES/metformin NF 
membrane

The NF membranes were prepared using the phase inversion 
method. The desired amount of  TiO2/CPTES/metformin NPs 
(0, 0.1, 0.5 and 1 wt% corresponding to M0, M1, M2 and M3, 
respectively) were dispersed in solvent (DMAc) under ultra-
sonic bath and then pore former (PVP, 1 wt%), and polymer 
(PES, 20 wt%) was added to the casting solution under stir-
ring for 24 h. To remove air bubbles, the casting solution 
was kept at ultrasonic bath and casted on a glass substrate 
using a homemade film applicator with 200 µm thickness. 
After casting step, the casted membrane film on the glass 
plate is placed on the coagulation bath with water as a non-
solvent. Then, the membrane is maintained in distilled water 
(24 h and 25 °C). Finally, the membranes were sandwiched 
between two sheets of filter paper and let them be dried at 
room temperature for 24 h.

Characterization method

Crystal structure of the  TiO2/CPTES/metformin nanoparti-
cles was determined using Rigaku D-max C III, X-ray dif-
fractometer with CuKa emission at room temperature. The 
functional group of nanostructure was also investigated 
using FT-IR spectrometer (Shimadzu Varian 4300).

The morphological information of the prepared nanopar-
ticles and membranes was assessed by scanning electron 
microscopy (SEM, Philips XL 30 and S-4160). Before the 
cross-sectional morphology images were taken, the mem-
brane samples were fractured in liquid nitrogen and then 
sputtered with Au. The membrane surface morphology and 
roughness significantly influence the membrane properties, 
because the first place of the membrane subjecting to feed 
solution is the membrane surface. Therefore, separation per-
formance of membrane is affected by the surface morphol-
ogy. The roughness surface morphology was analyzed using 
atomic force microscopy (AFM) images (DMFASTSCAN-
SYS, Bruker, Germany). In order to determine the mem-
brane hydrophilicity, the sessile drop method (contact angle 
goniometer, OCA20, Dataphysics Instrument, Germany) 
was used to measure static water contact angle. To minimize 
the experimental error, an average value of at least four or 
five random points on each membrane surface was reported 
as water contact angle.

Permeability and antifouling measurements

A batch-type stainless steel dead-end setup (volume of 
125 ml and 12.56 cm2 of effective membrane surface area) 
equipped with a nitrogen gas capsule was used to evalu-
ate membrane performance (Fig. 1). The feed solution was 
stirred at the rate of 400 rpm to remove the polarization 
concentration effect. It is noted that at least five replicates 
have been carried out for each test to diminish the experi-
mental error.

First, each membrane (with an effective area of 
12.56  cm2) was pre-compacted at 4  bar with DI water 
for 30 min to attain a stable flux. The permeate flux, Jw,1 
(kg m−2 h−1), was determined by Eq. 1 as given below:

where A, Δt and Q are the effective membrane area  (m2), 
time (h) and permeate weight (kg), respectively.

Milk powder-suspended solution as good fouling agent is 
used to study the fouling process in detail, and fouling resist-
ance parameters were calculated to investigate the fouling 
resistant ability of the prepared membrane (Zangeneh et al. 
2019). In general, fouling takes places owing to the develop-
ment of a cake or gel layer on the membrane surface and/

(1)J =
Q

A ⋅ Δt
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or adsorption onto the surface or inside of the membrane 
pores. Irreversible fouling (Rir) indicates the fouling which 
is caused by stable connection of foulants on the membrane 
surface; meanwhile, reversible fouling (Rr) defines the foul-
ing resulted from concentration polarization. Therefore, the 
minor irreversible fouling is because of an effective antifoul-
ing ability of the membrane.

For antifouling test, after first pure water flux, the fil-
tration cell was rapidly refilled with the milk powder-
suspended solution (8000 mg l−1) and its water flux (Jp) 
is measured again for 90 min. Afterward, distilled water 
is used to clean and wash the fouled membrane (30 min). 
Then, the pure water flux was determined again and 
notated as Jw,2 (kg m−2 h−1). The fouling resistance and 
flux recovery ratio (FRR) were calculated as follows (Jin 
et al. 2019):

(2)Rt(%) =

(

1 −
Jp

Jw,1

)

× 100

(3)Rt(%) =

(

Jw,2 − Jp

Jw,1

)

× 1

(4)Rir(%) = Rt − Rr

(5)FRR (%) =
Jw,2

Jw,1
× 100

Copper removal experiments

The aqueous solution of Cu(NO3)2 (20 mg l−1) with pH of 
5.0 was used to evaluate the ability of the prepared mem-
brane for copper rejection. Since Cu(OH)2 is precipitated 
at pH higher than 6, all the experiments were performed at 
pH of 5.0 and ambient temperature in dead-end filtration 
cell (Fig. 1). The copper removal efficiency was calculated 
as given below equation (Abdi et al. 2018):

where Cp and Cf are the concentration of the copper ion in 
the permeated and feed solutions (mg l−1), respectively. The 
 Cu+2 content was determined using an atomic adsorption 
spectrophotometer (210VGP model, Buck company, USA, 
with copper hollow cathode lamp).

In reusability test, the membrane is dipped in EDTA 
solution (10 mM and pH of 10.5) about 1 h and washed 
with deionized water and repeated test for four cycles.

LEP wastewater treatment

The filtration of LEP wastewater is also investigated at 
pressure of 5 bar for 120 min. Characteristics LEP waste-
water is shown in Table 1. The COD and dye removals 
were calculated using the following equations:

where  CODf or Af and  CODp or Ap are the COD concen-
tration or average absorption of the feed and the permeate 
solution, respectively.

(6)Copper removal(%) =

(

1 −
Cp

Cf

)

× 100

(7)COD removal(%) =

(

CODf − CODp

CODf

)

× 100

(8)Dye removal(%) =

(

Af − Ap

Af

)

× 100

Fig. 1  Schematic flow diagram of the dead-end experimental cell

Table 1  Characteristics of biologically of liquorice wastewater

Wastewater properties Initial conditions 
before treatment

Color Brown
COD 700–800
BOD5/COD ratio 0.17–0.19
pH 5.7–6.4
TSS 120
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Results and discussion

Characterization of  TiO2/CPTES/metformin 
nanoparticles

The properties of prepared  TiO2/CPTES/metformin nano-
particles are shown in Fig. 2a–c. The anatase  TiO2 was 
completely confirmed with occurrence of the observed 
XRD reflection peaks (JCPDS cards 21-1272 and 21-1276) 
which are appeared at 2θ of 27.3°, 39.2°, 48.3°, 53.0°, 63.4° 
(Fig. 2a).

Figure 2b shows the SEM image of the  TiO2/CPTES/
metformin nanocomposite. It was observed that the sample 
is composed of spherical nanoparticles which their average 
particle size is 36 nm.

In FT-IR spectrum of  TiO2/CPTES/metformin nano-
composite (Fig. 2c), the wide absorbance peak at 743.04 
and 799.53  cm−1 is corresponding to the Ti–O and 
Ti–O–Ti vibration bonds (Hamadanian et al. 2016). The 
peak in 1021.02 cm−1 is antisymmetric stretching vibra-
tion of Si–O–Si. The C=N and C–N stretching vibration 
of primary amine in metformin are appeared at 1584.12 
and 1059.18 cm−1, respectively, which confirmed forma-
tion of metformin external shell over NPs. The peaks at 
1630–1651 and 3173.53–3369.04 cm−1 are assigned to 
O–H and N–H stretching and bending vibrations, respec-
tively (Wei et al. 2014). The water contact angles for the 
blend nanocomposites membranes (Fig. 3) are agreed with 
the moisture peaks of FT-IR of  TiO2/CPTES/metformin 
nanocomposite.

Characterization of the PES‑TiO2/CPTES/metformin 
nanocomposite membranes

The membrane hydrophilicity is evaluated using the water 
contact angels measurement as shown in Fig. 3a. The water 
contact angle and pure water flux of the unfilled PES and 
PES-TiO2/CPTES/metformin nanocomposite membranes 
are shown in Fig. 3a, b, respectively. The water contact 
angles were reduced with the addition of the nanoparti-
cles. The water contact angle values of M0, M1, M2 and 
M3 membranes are 64°, 58°, 52° and 50.2°, respectively. 
This result has established that the hydrophilic nature of 
the contributed nanoparticles into membrane matrix led to 
improve the affinity of water to wet the membrane surface, 
thereby increasing membrane hydrophilicity (Soloukip-
our et al. 2017). It was demonstrated that the spontane-
ous movement of hydrophilic nanofillers to the membrane/
water interface in the coagulation bath has resulted in the 
improvement in membrane hydrophilicity. Therefore, the 
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Fig. 2  a XRD pattern and b SEM image and c FT-IR spectrum of 
 TiO2/CPTES/metformin nanocomposite
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presence of hydroxyl and amino groups on the membrane 
surface corresponds to increase membrane hydrophilic-
ity (Bojaran et al. 2019). Similar observations were also 
reported in a study of Vadanpour and his coworkers (Vatan-
pour et al. 2012).

As observed in Fig. 3b, the pure water flux of the fab-
ricated membranes increases with incorporation of  TiO2/
CPTES/metformin NPs in PES matrix. It is documented 
the enhancement in membrane hydrophilicity as shown 
in Fig. 2a. Also, the increase in membrane porosity (SEM 
images, Fig. 4) leads to the increment in membrane perme-
ability (Ghaemi 2016b; Zangeneh et al. 2018). It is noted 
that 1% of NPs (M3) nanocomposite membrane has the best 
permeability compared to other the prepared membranes.

The cross-sectional SEM images of M0, M1, M2 and M3 
membranes are displayed in Fig. 4a–h, respectively. The 
asymmetric structure with two layers including a dense skin 
and soft finger structure in sub-layers was observed for all 
membranes. With the addition of  TiO2/CPTES/metformin 
nanocomposites to PES matrix, the number of finger-like 
porous in the sub-layer increased and spongy structure 
with bulk-size porous appeared. The fast exchange between 
water and DMAc in coagulation bath was occurred due to 
the introduction of hydrophilic  TiO2/CPTES/metformin 
nanoparticles which is improved membrane hydrophilicity 
and expanded the population of pores (Razmjou et al. 2012; 
Zeng et al. 2016).

The AFM topology investigation for M0, M1, M2 and M3 
membranes are displayed in Fig. 5. The modified mem-
branes had a significant change after adding hydrophilic 
nanoparticles in comparison with the bare membrane. 
Those modified membranes presented fewer peaks and 
valleys than those of the bare membrane. It is attributed 
to moving the hydrophilic nanoparticles to the membrane 

surface, which fill the membrane surface valleys during the 
membrane solidification. It ought to be noted that in the 
wastewater treatment process, a rough surface is willing to 
be filled by existence pollutants, which cannot be removed 
easily through water or other reagents. Therefore, the reduc-
tion in the flux and rejection will be its consequence (Zan-
geneh et al. 2018).

Membrane performance

Antifouling test

Figure 6 illustrates the FRR values for M0, M1, M2, and M3 
membranes. It can be seen that PES-TiO2/CPTES/metformin 
membranes show relatively better antifouling properties than 
the unfilled PES membrane. The enhancement of antifoul-
ing performance of the blended membranes is due to the 
improvement in hydrophilic properties of modified mem-
branes (Fig. 3) and reduction in the membrane roughness 
with the addition of NPs (Zangeneh et al. 2019; Zinadini 
et al. 2014). The Rr/Rt and Rir/Rt ratios were also calculated 
as shown in Table 2. The result indicated that Rir/Rt ratio for 
modified membranes diminishes compared to the unfilled 
PES membrane, while Rr/Rt ratio is increased with the addi-
tion of NPs into PES matrix. It is due to decrease in the 
deposition and entrapment of fouling agent on the membrane 
surface or pores (Zangeneh et al. 2019).

Cu(II) rejection

Figure 7 shows Cu(II) rejection of unfilled PES and nano-
composite membranes. The values of Cu(II) rejections are 
for 26.7, 67.3, 77.1 and 90.1 for M0, M1, M2 and M3 mem-
branes. The improvement in membrane performance for Cu 

Fig. 3  a Water contact angle 
and b pure water flux of the 
prepared membranes
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Fig. 4  SEM images of a–b M0, c–d M1, e–f M2 and g–h M3 membranes
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removal is due to the interaction between nitrogen atoms 
with lone electron pairs in amine group on the membrane 
surface and Cu(II) ions. Also, a higher dispersion of NPs 
as hydrophilic species on the membrane surface cause to 
increase the available adsorption sites on the membrane 
surface, thereby improving Cu rejection for modified 
membranes.

The M3 nanocomposites membrane (1% of NPs) was 
selected to study its reusability performance for four 
cycles (Fig. 8). No significant decrease in membrane rejec-
tion was observed during the recycling study. The results 
mean that the nature and stability of active nitrogen sites 
did not change on M3 nanocomposites membrane after 
being used repetitively for four times.

LEP wastewater treatment

Figure 9 displays the rejection and permeate flux of all mem-
branes during filtration of LEP wastewater with COD con-
centration of 800 mg l−1 at pressure of 5 bar after 150 min. 
The modified membranes indicate high permeate flux (M1, 
M2 and M3, for 79.1, 82.7 and 88 kg m−2 h−1) compared 
to the unfilled PES membrane (M0, 74.5 kg m−2 h−1). The 
high permeate flux of the modified membranes compared 
to unfilled PES membrane is due to the hydrophilicity and 
ultrafine (special morphology and topography) proper-
ties of the blended PES membranes. The value of perme-
ate flux was higher for M3 membranes. However, the dye 
and COD removal efficiencies for the unfilled PES mem-
brane and blended membranes were not obviously changed 

Fig. 5  AFM surface images of the prepared membranes
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(91, 94, 96.5 and 98% for M0, M1, M2 and M3 membranes, 
respectively).

Long‑term performances of M3 membrane

Other examination for testing antifouling properties of the 
membrane was to measure the permeation flux decline dur-
ing a long period for the LEP wastewater. The unfilled PES 
membrane (M0) and optimally modified membrane (M3) 

Fig. 6  FRR values of the prepared membranes during filtration of 
milk powder with concentration of 8000 mg l−1

Table 2  Fouling parameters of 
the prepared membranes

Membrane 
types

Rr/Rt Rir/Rt

M0 0.17 0.83
M1 0.61 0.39
M2 0.67 0.33
M3 0.73 0.27
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Fig. 7  Cu(II) rejection of the prepared membranes for 20  ppm 
Cu(NO3)2 solution in the pH of 5 after 60 min
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were chosen to measure the permeation flux during filtra-
tion of the LEP wastewater as shown in Fig. 10.

The trend of M0 and M3 permeate flux shows a decrease 
during LEP wastewater filtration. The adsorption or deposi-
tion of organic content with various molecular weight in the 
LEP wastewater on the membrane surface or pores increases 
the membrane fouling, so permeation flux is reduced (Zan-
geneh et al. 2020). The fouling of the M0 membrane becomes 
stable sooner than that of the M3 membrane. It means that 

pore blocking occurs faster in the M0 membrane compared 
to M3 modified membrane.

The performance of M3 nanocomposite membrane in 
terms of Cu rejection and COD removal from LEP waste-
water was also compared with another published modified 
NF membranes for rejection Cu ions and organic pollutants 
as represented in Table 3. In the present study, the Cu rejec-
tion, COD removal and dye removals from LEP wastewater 
were achieved about for M3 membrane which is approved 
a good performance of  TiO2/CPTES/Metformin/PES nano-
composite membrane.

Conclusion

The overall aim of this study is to synthesize and character-
ize a novel antifouling PES nanocomposite membrane. The 
performance of  TiO2/CPTES/Metformin/PES nanocompos-
ites membranes was successfully evaluated in terms of pure 
water flux, Cu(II) ion rejection from aqueous solution and 
COD or dye removal from LEP wastewater. The maximum 
values of pure water flux, FRR, Cu rejection, COD and dye 
removal from LEP wastewater were achieved at 1% of NPs. 
The antifouling result indicated that the membrane fouling 
reduces with the adding of NPs due to increase membrane 
hydrophilicity and reduce its roughness which are approved 
by contact angle and AFM analysis, respectively. The 
blended PES membranes showed excellent performance for 
rejections of Cu ions from aqueous solution and COD or dye 
removals from LEP wastewater.
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Fig. 10  Flux decline of M0 and M3 membranes during 10 h filtration 
of the LEP wastewater for initial COD of 700 mg  l−1 at 5 bar after 
10 h

Table 3  Comparison the performance of NF membranes between  TiO2/CPTES/Metformin/PES nanocomposite membrane and previous studies

Type of NF membrane Pollutant Rejection Operating conditions References

Magnetic graphene oxide/metformin/
PES

Cu ions 98% after 100 min [Cu  (NO3)2] = 20 mg l−1 Pres-
sure = 4 bar

Abdi et al. (2018)

Direct red 16 99% after 60 min [Dye] = 30 mg l−1 Pressure = 4 bar
Polypyrrole @  Al2O3/PES Cu ions 81% after 110 min [Cu  (NO3)2] = 20 mg l−1 Pres-

sure = 4 bar
Ghaemi and Daraei (2016)

Al2O3/PES Cu ions 81% after 110 min [Cu  (NO3)2] = 20 mg l−1 Pres-
sure = 4 bar

Ghaemi (2016b)

Fe3O4/PES Cu ions 35% after 90 min [Cu  (NO3)2] = 20 mg l−1 Pres-
sure = 4 bar

Ghaemi (2016a)
Fe3O4/SiO2/PES 49% after 90 min
Fe3O4/SiO2/metformin/PES 94% after 90 min
Fe3O4/SiO2APTES/PES 82% after 90 min
TiO2/CPTES/metformin/PES Cu ions 90.1% after 60 min [Cu  (NO3)2] = 20 mg l−1 Pres-

sure = 4 bar
This work

TiO2/CPTES/metformin/PES LEP wastewater COD 
removal = 88% 
after 150 min

[COD] = 800 mg l−1 Pressure = 4 bar
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