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a b s t r a c t
Water pollution control is becoming a significant concern. Pollution may be reduced using a variety 
of technologies. This study aims to use a flat sheet reverse osmosis (RO) membrane with micro-
filtration (MF) and ultrafiltration (UF) pretreatment to treat actual wastewater samples from the 
South Baghdad Power Plant-1. The SEM images of the fouled RO membranes revealed that using 
UF as a pretreatment process for the feedwater reduced the extent of the fouling across the sur-
face of the RO membranes by 50%. Consequently, the initial permeate flux of the run conducted 
with UF was higher by about 40% than the initial permeate flux of the run conducted by using 
MF. In addition, when UF was used, chemical oxygen demand (COD) and total dissolved solids 
(TDS) removal percentages increased by 14% and 6%, respectively. Also, the removal percentages 
of the oil and Cr3+ increased up to 99.5%. Furthermore, the SEM images showed that the back-
washed membrane was nearly similar to the clean membrane in its appearance and in terms of 
contaminant removal. On the other hand, the initial permeate flux of the backwashing run was 
about 9% lower than the original permeate flux. Experiments have shown that employing a MF/
UF pretreatment before the RO process is feasible. The quality of the water was enhanced by the 
reduction of heavy metals, oil, COD, and TDS concentrations, demonstrating the effectiveness of 
the used membrane technology in both wastewater treatment and the production of ultrapure 
water. Additionally, backwashing was effective in reactivating the RO membrane, and therefore, 
it can be utilized as an alternative option to chemical cleaning.
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1. Introduction

Water treatment technologies such as adsorption and 
membrane processes are utilized to remove contaminants 
such as salts, toxic metals, and oils from wastewater [1]. 
Heavy metals are a serious environmental concern that 
must be treated before being released into the natural envi-
ronment to ensure that the discharge complies with current 
national environmental standards [2,3]. The effluent from 
power plants often contains dangerous pollutants includ-
ing heavy metals, which have serious consequences for the 
environment. Oil is another harmful pollutant found in 

wastewater [4]. Membrane technologies have drawn much 
interest in treating industrial wastewater [2]. Membranes 
are used to treat water for a wide range of purposes, includ-
ing softening, desalination, and removing specific con-
taminants, such as metals and solids [3].

Among the technologies employed in water reclama-
tion, reverse osmosis (RO) has been found to be one of the 
most advanced separation technology for water reuse in 
power plant applications [5,6]. The RO technology is widely 
utilized owing to its straightforward design, high produc-
tion capacity, excellent power effectiveness, and signifi-
cantly lower initial and maintenance expenses [7]. RO is a 
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pressure-driven technology utilized to remove dissolved 
salt and metal ions from wastewater due to its characteristic 
porous structure and high separation efficiency [3]. The dif-
ference in pressure among between the feedwater and the 
interior membrane forces solute particles that are smaller 
than the membrane pore through the membrane as perme-
ate. In contrast, particles that are larger than the membrane 
pore are concentrated and captured as retentate [6]. Semi-
permeable RO membranes are made of polymeric materials 
such as cellulose acetate (CA), polyamide (PA), thin-film 
composite polyamide (TFC-PA) and other polymers [8]. 
The TFC-PA is the most advanced RO membrane com-
mercially available [9].

The successful utilization of the RO process for waste-
water treatment comes with several problems, such as con-
centration polarization, fouling, high capital and operating 
costs, and the problem of concentrate disposal [10]. However, 
fouling remains key problem for RO applications [11]. The 
predominant contributors to membrane fouling are the 
deposition of metals, salts, organic matter, and, in specific 
circumstances, suspended solids on the top of the membrane 
[6]. Fouling types that are characterized based on the prop-
erties of the foulants present in the feedwater can include 
biological fouling, colloidal fouling, scaling fouling, and 
organic fouling [12,13].

Control of fouling is essential in designing and operat-
ing membrane processes [14]. Many efforts have been made 
to reduce fouling since it causes a decline in permeate flux, 
a rise in operating pressure, a loss of treated water quality, 
and a deterioration of the RO membrane [15]. The applica-
tion of pretreatment to RO systems is studied to increase 
feedwater quality and ensure the improvement of RO water 
treatment performance and increase membrane life [6,15,16]. 
Membrane technology, specifically ultrafiltration (UF)/MF, 
is becoming a popular pretreatment option for controlling 
RO membrane fouling because it can achieve excellent 
efficiency in removing suspended matter, colloids, and 
microorganisms. The treatment can also deliver excellent 
pollutant removal and minimize turbidity [17]. It is recom-
mended that chemical cleaning be minimized or avoided in 
large-scale RO membrane systems because frequent chemi-
cal cleaning will shorten membrane life and raise operating 
and maintenance expenses owing to residual chemical dis-
posal. In contrast, efficient physical cleaning methods can 
lessen the need for chemical cleaning, extending the mem-
brane’s useful life. Performing a regular backwashing pro-
cess is an integral part of physical cleaning that ensures the 
membrane system lasts as long as possible and continues 
to perform well. Consequently, this technique is essential 
to sustaining high levels of safety, quality, and dependabil-
ity in water delivery. Therefore, backwashing can be an 
alternative option to reduce membrane fouling [14,18].

Fouling of RO membranes has received considerable 
attention in recent years. The most effective approach for 
determining the causes of membrane fouling is by per-
forming a membrane autopsy [13]. The aim of the autopsy 
is to discover why a blockage happened and how to avoid 
it in the future, as well as to determine the best options for 
cleaning conditions and membrane reactivation [2]. Several 
studies on fouled membrane autopsy have been published to 
assess the morphology and degree of fouling. For example, 

Sachit and Veenstra [19] studied the precipitated pollutants 
on the membrane surface from various feedwaters using 
SEM, EDXS, and FTIR testing. They also used a 0.1-μm 
MF as a pretreatment for the feedwater. They found that 
the fouling was mostly organic, and the main deposit was 
calcium carbonate (CaCO3). In another research, Koyuncu 
and Wiesner [20] used SEM and EDXS analysis to study 
the morphology of the foulant materials and their compo-
sitions. They reported that the predominant salts precipi-
tated on the RO membrane were calcium carbonate (CaCO3) 
and calcium sulfate (CaSO4). Additionally, their research 
revealed that changes in organic matter content might alter 
the crystal shape of calcium carbonate, increasing its pre-
cipitation on a reverse osmosis membrane. In a different 
study, Jendoubi et al. [21] investigated the performance of 
membrane autopsy of RO membrane deposits from indus-
trial wastewater using X-ray and IR spectra. The autopsy 
results showed that the fouling is primarily caused by sus-
pended particles and microorganism development, which 
were not captured by the various pretreatment filtrations.

This paper investigates the performance of the RO pro-
cess in removing heavy metals and organic matter with 
the use of MF and UF as pretreatment methods for the 
feedwater. Furthermore, it examines the influence of back-
washing on the RO membrane reactivation using SEM, 
AFM, and FTIR tests.

2. Materials and methods

2.1. Materials

The membrane used in this research was TFC-PA RO 
membrane Model Bw30-4040 (DOW Film-Tec Corporation, 
USA). For MF, a 5 and 1-μm filter cartridge (PP filter, 
Authentic American Life, Vietnam) were used. A 0.01-μm 
ultrafilter (UF) membrane (Sterlitech Corporation, Kent, 
WA, USA) was also employed. The effluent utilized in this 
study was taken at the discharge point of the treatment 
plant of South Baghdad Gas Power Plant-1 in Baghdad, 
Iraq. Table 1 shows the water quality analysis of the power 

Table 1
Water quality analysis of the power plant wastewater sample 
before treatment and NEQS [22]

Parameter Value NEQS

pH 8.5 6–10
Temperature 19°C 40°C
TDS 763 mg/L 350 mg/L
COD 136 mg/L 150 mg/L
Oil 18.4 mg/L 10 mg/L
Zn2+ 0.96 mg/L 1 mg/L
Cu2+ 0.85 mg/L 1 mg/L
Cr3+ 1.95 mg/L 1 mg/L
Fe3+ 1.02 mg/L 1 mg/L
Cl– 80 mg/L 1 mg/L
NO– 29.1 –
SO4

2– 300 600
PO4

3– 3.2 –
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plant wastewater sample and the acceptable range of val-
ues according to the current National Environmental 
Quality Standards (NEQS) [22].

2.2. Characterization methods

The surface and cross-sectional structures of the RO 
membrane were examined using a scanning electron micro-
scope (SEM) image (EM10C, ZEISS, Germany). Atomic 
force microscopy (AFM) (Angstrom Advanced Inc., U.S.A) 
was used to measure the average diameter and the rough-
ness of the membrane surface. To determine the effective 
groups of organic materials precipitated on RO membrane 
surfaces, the Fourier transform infrared spectroscopy 
(FTIR) (Spectrum 2, Perkin Elmer, USA) spectrum was 
conducted. Additionally, membrane samples were care-
fully sliced and preserved in sealed plastic containers to 
prevent morphological changes in the foulants deposited 
on the RO membrane surface. Moreover, the concentra-
tion of heavy metals in the permeate water was measured 
using the atomic absorption spectrophotometer (Shimadzu, 
AA-6800), and the concentration of oil was measured using 
an oil content analyzer (Horiba, OCMA-350). An ultravio-
let-visible spectrum (UV-vis) spectrophotometer (DR-3600, 
Germany) was used to determine the chemical oxygen 
demand (COD) concentration in a power plant wastewater 
sample. Furthermore, a laboratory multi-meter (HQ430d, 
Flexi, Hach Company) was used to measure the total dis-
solved solids (TDS) concentration. In addition, gas chroma-
tography-mass spectrometry (GC-MS) (Agilent, USA) was 
used to identify different contaminants within the power 
plant’s wastewater sample.

2.3. RO performance test

Experiments were carried out in a SEPA CF Membrane 
Element Cell with a cross-flow filtration unit (Sterlitech 
Corporation, USA). The Membrane Element Cell can 
accommodate a flat sheet membrane with dimensions 
approximately equal to 19 cm × 14 cm and can with-
stand pressure up to 6,895 kPa (1,000 psi). A magnetic 
stirrer (ISOLAB, Laborgerate GmbH) was utilized to stir 
the power plant real wastewater at a moderate speed to 
ensure solution homogeneity. To study the impact of pre-
treatment on the membrane fouling, a low-pressure feed-
ing pump (AP-100 Booster pump, Aqua Pura Instrument 
Co., China) was used to pump a 4-L batch of wastewater 
from the wastewater tank to the feed tank at a 2.5 L/min 
constant flow rate through 5 and 1 μm filter cartridges to 
keep big particles from damaging the membrane. Then, 
the feedwater was delivered to the break tank via an UF 
membrane. The feedwater was filtered across the UF mem-
brane under the same experimental conditions as the RO 
membrane run, excluding the feed pressure set at 150 psi 
(10 bar). Finally, a high-pressure pump (M-03S Hydracell 
CC Pump, Wanner Engineering, USA) was used to pump 
the feedwater through the RO membrane filtration cell 
at the same flow rate. Using two high-pressure needle 
valves (SS-1RS6, Swagelok, CA), the system pressure was 
kept at 300 psi (20 bar). Fig. 1a illustrates a sketch of the 
RO membrane unit used in the experiment. Additionally, 

to evaluate the impact of backwashing on the membrane 
efficiency and fouling formation, the membrane was 
inverted to the other side (the fouling became on the per-
meate side) and placed inside the SEPA CF Membrane 
Element Cell (Fig. 1b). Then, a 4-L of deionized water (DI) 
was pumped through the membrane from the feed side 
to the permeate side under similar circumstances as the 
RO membrane run, except for the feed pressure, which 
was maintained at 75 psi (5 bar) for about 10 min. More 
information about experimental system setup can be found  
elsewhere [23].

The duration of each experiment was 3 h, and the per-
meate flux was measured every 30 min. The TDS of the 
permeate and concentrate were also determined using a 
laboratory multi-meter (HQ430d, Flexi, Hach company). An 
oil content analyzer (Horiba, OCMA-350) was used to mea-
sure the accurate oil concentration in the permeate. Using 
the highly stable S-316 chlorofluorocarbon extracting sol-
vent (Horiba, USA), oil is extracted from the permeate sam-
ple and placed into the attached cell and set to the device. 
The measurement of the device takes 30–60 s using the non- 
dispersive infrared spectroscopy (NDIR) method. Then, the 
result of the analysis is displayed in mg/L. At the end of each 
experiment, a sample of RO membrane was obtained for 
examination utilizing SEM, AFM, and FTIR tests.

The permeate water volume passing across the active 
membrane area over time was used to compute the perme-
ate flux, as illustrated in Eq. (1) [24]. The rejection percent-
age of salt (R) was measured by using Eq. (2) [25]. Moreover, 
the recovery of water (r) was determined by using Eq. (3) 
[12]. In addition, COD and TDS removal percentage can 
be found as described in Eq. (4) [4]. The calculation and 
assessment of the selected index are shown in Table 2.

The procedure described above was repeated for a total 
of 4 runs. In run 1, the 5-μm filter was used alone as a pre-
treatment method for the wastewater. While in run 2, the 
1-μm filter was used alone as a pretreatment method for the 
wastewater. In run 3, the 1-μm filter was used with the UF 
membrane to treat the power plant wastewater before being 
mounted to the Membrane Element Cell. Additionally, in 
run 4, the 1-μm filter was used as a pretreatment, and then 
a backwashing process for the fouled membrane was per-
formed. The key variables in the conducted runs were four 
different treatment techniques which are listed in Table 3.

3. Results and discussion

3.1. Wastewater analysis

3.1.1. COD and TDS test results

Table 4 summarizes the experimental results, includ-
ing COD and TDS concentrations of feedwater in each run. 
According to the findings, the lowest levels of COD and 
TDS in the treated wastewater (RO permeate) were in run 
3, where Mf and UF were both used as pretreatments of the 
wastewater before it was introduced into the RO system. 
During this run, the concentration of COD reduced from 
136 to 12 mg/L, and the concentration of TDS decreased 
from 763 to 10.37 mg/L. On the other hand, the concentra-
tions of COD and TDS were the highest in run 1, which 
utilized the 5 μm filter for the pretreatment.
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3.1.2. Heavy metals and oil results

The concentrations and removal percentages of heavy 
metals and oil from the power plant wastewater sample are 
shown in Table 5, along with the allowable values accord-
ing to the NEQS [22]. The results showed that the concen-
trations of heavy metals and oil in the treated wastewater 
were significantly reduced below the NEQS limits by using 
MF/UF as a pretreatment before the RO system (run 3). 
The removal percentages for Zn2+, Cu2+, Cr3+, Fe3+, and oil 
were 93.8%, 94.1%, 99.5%, 98%, and 99.5%, respectively.

3.1.3. GC-MS test results

GC-MS analysis of the wastewater sample was con-
ducted to determine the percentage frequency of detec-
tion of compounds used to identify potential sources of 
contamination in wastewater. The GC-MS spectrum of 
the wastewater sample is shown in Fig. 2. The percent-
age frequency of detection for the wastewater compounds 
and their retention time are listed in Table 6. The results 
revealed that the primary percentage frequency, equaled 
28.05%, occurred at 61.635 min and belonged to the oleic and 

(a)

(b)

Fig. 1. (a). A sketch of the RO membrane unit used in the experiment. Adapted from [23]. (b) The experimental drawing of the 
backwashing process for the fouled RO membrane.
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9-octadecenoic acids. Moreover, it showed a peak equaled 
18.53% near 61.429 min, which referred to 9,12-octadecadie-
noic acid (Z,Z)-, methyl ester and linoelaidic acids, whereas 
the peak near 61.755 min equalled 13.55%, which referred to 
oleic and 6-octadecenoic acids. Other contaminants that pres-
ent in the spectrum were n-hexadecanoic and myristic acids 
(12.32%); 2-(dimethylamino)ethyl methacrylate, carbonic 
acid, and 2-dimethylaminoethyl isobutyl ester acids (7.14%); 
1-heptadecanecarboxylic acid (6.95%); 9,15-octadecadienoic 
acid (Z,Z)-, methyl ester (3.42%); 9,12-octadecadienoic acid 
(Z,Z)-, methyl ester (3.32%); 2,3,7-trimethyloctanal (3.31%); 
cyclopropaneoctanal (2.64%); oleic, and cis-vaccenic acids 
(0.79%). Overall, the GC-MS analysis results illustrated 

that the main contaminants within the power plant 
wastewater sample were oleic acid, octadecenoic acid, 
and octadecadienoic acid (Z,Z)-, methyl ester.

3.2. RO membrane performance results

Several runs were performed to investigate the RO 
membrane performance in the desalination of the wastewa-
ter sample. Fig. 3 shows the evolution of the permeate flux 
with the time for runs 1, 2, 3, and 4. The permeate water 
of run 2 was further treated with an ultrafiltration process, 
and then it was used to conduct run 3. Furthermore, the RO 
membrane of run 2 was backwashed with deionized water, 
then used to perform run 4. Overall, the permeate flux of all 
runs dropped with the run time, and the values of the per-
meate flux were significantly different. For instance, run 1, 
which was conducted with the higher COD and TDS (120 
and 655 mg/L) showed the lowest permeate flux which 
ranged from 19.93 to 8.4 L/m2·h, while the range of permeate 
flux in run 2, which was conducted with a COD and TDS 
of 56 and 566 mg/L was from 40.43 to 23.29 L/m2·h. On the 
other hand, run 3, which was carried out with the lower 
COD and TDS (48 and 456 mg/L) showed the highest per-
meate flux among the other runs which ranged from 67.49 
to 51.95 L/m2·h. As the pollutants concentration in the feed 
channel increased, the fouling layer thickness and pollut-
ants concentration on the membrane surface also increased, 
which resulted in a decline in the permeate flux. The per-
meate flux decline was induced by pollutant deposition on 

Table 2
Estimation and analysis of the chosen equations

Eq. No. Equation index Parameters References

1 J V
A tw � �

Jw: water flux (L/m2·h)
V: volume of the permeate water (L)
A: effective area of the membrane (m2)
t: time of accumulation (h)

[24]

2 R
C C
C
f p

f

�
�

�100%
Cp: salts concentration in permeate water (mg/L)
Cf: salts concentration in feedwater (mg/L) [25]

3 r VP
Vf

� �100%
Vp: the permeate water volume (L)
Vf: feedwater volume (L) [12]

4 Removal �
�

�
C C
C
i f

i

100%
Ci: initial concentration of pollutant (mg/L)
Cf: final concentration of pollutant (mg/L) [4]

Table 3
Summary of the pretreatment type in the performed runs

Run’s No. Type of pretreatment

1 5 μm filter pretreatment
2 1 μm filter pretreatment
3 1 μm filter + ultrafilter pretreatment
4 1 μm filter pretreatment + backwashing

Table 4
COD and TDS results of the performed runs

Item COD 
(mg/L)

TDS 
(mg/L)

Real WW sample (before treatment) 136 763
After 5 μm filter 120 655
After 5 μm filter + RO (run 1) 24 27.9
After 1 μm filter 56 566
After 1 μm filter + RO (run 2) 20 13.53
After 1 μm filter + ultrafilter 48 456
After 1 μm filter + ultrafilter + RO (run 3) 12 10.37
After 1 μm filter + Backwash + RO (run 4) 21 12.31

NEQS for COD and TDS were 150 and 350 mg/L, respectively.

Table 5
Heavy metals and oil content analysis of the treated waste-
water [22]

Parameter Value (mg/L) NEQS (mg/L) Removal (%)

Oil 0.1 10 99.5
Zn2+ 0.06 1 93.8
Cu2+ 0.05 1 94.1
Cr3+ 0.01 1 99.5
Fe3+ 0.02 1 98
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the membrane’s surface, which caused a reduction in active 
filtration area [26]. Because all runs were conducted under 
identical circumstances, the variation in permeate fluxes 
between these runs is most likely related to differences in 
wastewater COD and TDS concentration.

The salt rejection percentages of the performed runs were 
also different, as shown in Fig. 4. Run 2 and 3 showed high salt 
rejection percentages compared with those of runs 1 and 4.  

The low rejection of run 1 is owing to the high COD and TOC 
concentrations in the feedwater, which raises the salt concen-
tration in the permeate channel due to the increased passage 
of salt ions across the membrane resulting in a lower salt 
rejection percentage. Meanwhile, the low rejection in run 4 is 
most likely due to the backwashed RO membrane, which was 
utilized in run 2. It sounds that backwashing with deionized 
water was inadequate to completely reactivate the membrane 

10 

Time (min) 

Ab
un

da
nc

e 

Fig. 2. GC-MS spectrum of the wastewater sample.

Table 6
Summary of wastewater compounds, peak number, retention time and percentage frequency of detection in wastewater sample

Peak 
No.

Compounds Percentage 
frequency %

Retention 
time (min)

1 n-Hexadecanoic and myristic acids 12.32 56.028
2 2-(Dimethylamino)ethyl methacrylate, carbonic, and 2-dimethylaminoethyl isobutyl ester acids 7.14 58.886
3 2,3,7-Trimethyloctanal 3.31 59.394
4 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 3.32 60.029
5 Oleic and cis-vaccenic acid 0.79 60.326
6 9,15-Octadecadienoic acid (Z,Z)-, methyl ester 3.42 60.509
7 9,12-Octadecadienoic acid (Z,Z)-, methyl ester and linoelaidic acids 18.53 61.429
8 Oleic and 9-octadecenoic acids 28.05 61.635
9 Oleic and 6-octadecenoic acids 13.55 61.755
10 1-Heptadecanecarboxylic acid 6.95 62.275
11 Cyclopropaneoctanal and 2-octyl-hexadecanoic acids 2.64 63.132
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since salt ions from run 2 that could not be removed by back-
washing possibly remained inside the membrane pores [16].

The percentages of water recovery for runs 1, 2, 3, 
and 4 are shown in Fig. 5. In general, higher water recov-
ery is related to high fluxes for all runs. For example, run 
3, which had the higher permeate fluxes, showed the high-
est water recovery percentage (69%) compared with runs 
1, 2, and 4, which showed the lowest recovery percentages 
(14.5%, 37.5%, and 36.25%).

Additionally, the removal percentage of COD and TDS 
among the performed runs (after and before the treat-
ment) is shown in Fig. 6. Generally, the findings revealed 
that the tested membrane demonstrated the highest rejec-
tion level for COD and the lowest rejection level for TDS in 
run 1, where the membrane removed more than 80% and 
95.7% of COD and TDS, respectively, as shown in Fig. 6a. 
However, in run 2, the membrane exhibited 64.3% and 97.6% 
removal of COD and TDS, respectively, as shown in Fig. 6b. 
Moreover, in run 3, where the UF was used as a pretreat-
ment of the feedwater, the membrane showed a high rejec-
tion level for COD and the highest rejection levels for TDS, 
which were 78.6% and 98.2% of COD and TDS, respectively, 
as shown in Fig. 6c, which are higher than the removal 

percentages for COD and TDS in run 2, where the MF 
was utilized. In addition, in run 4, where the backwashing 
was performed for the membrane that was used in run 2, 
the membrane exhibited 62.5% and 97.8% removal of COD 
and TDS, respectively, as shown in Fig. 6d, which nearly 
equaled the removal levels of run 2 (without backwashing).

3.3. Membrane characterization

3.3.1. Scanning electron microscope (SEM) images

Cross-sectional and surface structures of a clean TFC-PA 
RO membrane sample were examined via SEM analy-
sis operating at 10 kV using several levels of magnifica-
tion (1, 10, and 100 kx). The membrane sample was coated 
with a layer of Molybdenum (MO) before the SEM test 
to prevent the light from being excessively bright, which 
might cause poor resolution in the SEM image. As shown 
in Fig. 7a, the SEM image of the clean membrane revealed 
that the TFC-PA RO membrane had a highly rough surface 
structure with ridge and valley zones indicating its high 
porosity, which is crucial to the performance of the RO  
operation [27].

In addition, the cross-sectional SEM image showed that 
the membrane is composed of three different layers, as seen 
in Fig. 7b. The upper layer is the effective layer, which has 
a thickness of approximately 0.2 μm [19,28]. Furthermore, 
the SEM image clearly revealed that the overall thick-
ness of the TFC-PA RO membrane is around 140 μm.

3.3.2. Effect of pretreatment

The effects of utilizing a 1-μm MF membrane and a  
0.01-μm UF membrane on the material deposited on the 
surface of the membrane were examined. MF is regarded as 
the preferred pretreatment method for the feedwater prior 
to the RO membrane process for removing large particulate 
matter [3,12]. On the other hand, UF is utilized to remove 
almost all colloidal particles and some of the largest dis-
solved pollutants from feedwater [29]. Figs. 8 and 9 show the 
SEM images of the fouled membranes from the pretreated 
wastewater using MF and UF. The SEM images demonstrate 
that the fouling across the membrane surface performed 
with the MF covers 100% of the surface (Fig. 8). In contrast, 
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the UF fouling covers around 50% of the membrane sur-
face (Fig. 9). This finding was supported by the fact that the 
initial permeate flux of the UF membrane run was greater 
than the initial permeate flux of the MF membrane run. For 
instance, the initial permeate flux in run 3, which was per-
formed with UF, was 67.49 L/m2·h, compared to 40.43 L/m2·h 
in run 2, which was conducted with MF.

The results indicated that the UF membrane in run 3 
captured more organics than the MF membrane in run 2. 
Therefore, the contaminants deposited on the membrane 
surface were greatly diminished, which caused a decrease 
in the concentration of contaminants in the permeate flux 
of run 3. This finding was supported by the fact that the 
COD removal percentage of the UF membrane run was 
higher than that of the MF membrane run. For example, 
the removal of COD in run 3 (UF) was 78.6%, compared to 
64.3% in run 2 (MF).

Fig. 10 shows a comparison between cross-sectional 
SEM images of contaminated membranes from pretreated 
wastewater using MF (run 2) and UF (run 3). The SEM 
images showed that the membrane in run 3 contained 
fewer foulants than the membrane in run 2. This might 
be attributed to the fact that the UF membrane collected 
more pollutants in run 3 compared to the MF membrane in  
run 2.

3.3.3. Effect of backwashing

The performance of backwashing on the membrane 
reactivation was investigated. The purpose of backwash-
ing is to control and prevent membrane fouling by remov-
ing pollutants from the surface and pores of the membrane 
[30]. Figs. 11 and 12 show the SEM images of the clean RO 
membrane and backwashed RO membrane which used 
in run 4. The SEM images showed that the backwashed 
membrane almost reverted to its original state and was 
nearly similar to the clean membrane. However, the initial 
permeate flux of run 4, conducted with backwashing, was 
slightly lower than that of run 2, which was performed 
without backwashing. For instance, the initial flux of run 4 
was 36.79 L/m2·h, compared to 40.43 L/m2·h in run 2.

The results demonstrated that more foulants were 
removed by the backwashing process. Therefore, the pollut-
ants deposited on the membrane surface were significantly 
decreased, as shown in Fig. 12 (membrane surface after 
backwashing) compared to Fig. 8 (membrane surface before 
backwashing). The concentration of contaminants in the 
permeate was also greatly decreased from to 56 to 21 mg/L 
for COD and from 566 to 12.31 mg/L for TDS [Fig. 6d]. This 
conclusion was confirmed by the fact that the COD and 
TDS removal percentages of the backwashing run were 

Fig. 6. Evolution of the COD and TDS concentrations for (a) run 1, (b) run 2 (MF), (c) run 3 (UF), and (d) run 4 (backwashing).
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(a)

(b)

Fig. 7. SEM image of the (a) surface of clean TFC-PA RO membrane and (b) cross-section of clean TFC-PA RO membrane.

Fig. 8. SEM images of the fouled membrane for run 2 (MF pretreatment).
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substantially identical to those of run 2. For example, the 
removal levels of COD and TDS in run 4 (with backwash-
ing) were 62.5% and 97.8%, respectively, compared to 64.3% 
and 97.6% removal of COD and TDS in run 2. This indi-
cates that backwashing is effective for reactivating the RO  
membrane.

3.4. Fourier transform infrared (FTIR) spectrum

FTIR analyses of clean and fouled membranes were per-
formed as part of this research. Fig. 13 displays the FTIR 
spectrum of a clean membrane. The analysis indicated 
that the greatest absorption occurred between 3,903.17 and 
3,336.00 cm–1, which is related to O–H bending due to the 
dominance of aliphatic alcohol functional groups. It also 
showed a peak at 2,968.12 cm–1, which referred to aliphatic 
hydrocarbons’ C–H stretching. On the other hand, the peaks 

between 1,711.75 and 507.11 cm–1 belonged to several func-
tional groups, particularly phenols, aliphatic alcohols, and 
aliphatic hydrocarbons due to the O–H and C–H bending, 
respectively [19,31].

The FTIR spectra of the for runs 2, 3, and the backwashed 
membrane are shown in Fig. 14. Similar bands at 3,911; 3,431, 
and 3,055 cm–1 were seen in the FTIR spectra, which corre-
sponded to aliphatic alcohols and phenols (O–H), amines 
(N–H), and aromatic hydrocarbons (C–H), respectively. The 
R-COOH bending of the carboxylic group also contributed 
to absorption peaks at 2,583 and 1,711 cm–1 in the spec-
tra. On the other hand, the peaks at 2,104.13; 2,104.39, and 
2,104.95 cm–1 were related to the CΞC bending of aliphatic 
hydrocarbons (alkyne). However, the N–H bending of pri-
mary amines was responsible for the spectral peak around 
1,583 cm–1. Additionally, aromatic ether C–O stretching, 
sulfate S=O stretching, secondary amine N–H stretching, 

Fig. 9. SEM images of the polluted membrane for run 3 (UF pretreatment).

Fig. 10. SEM images of the cross-sectional of the fouled membranes from the pretreated wastewater for (a) run 2 (MF) and 
(b) run 3 (UF).
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Fig. 11. SEM images of the clean membrane.

Fig. 12. SEM images of the backwashed membrane for run 4.
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Fig. 13. FTIR spectrum of the clean TFC-PA RO membrane.
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chloride C–Cl stretching, and bromide C–Br stretching con-
tributed to the 1,275; 1,305; 1,096; 631 and 559 cm–1 bands, 
respectively.

Overall, the findings showed that the majority of absorp-
tion in runs 1, 2, and the backwashed membrane was due 
to O–H bending of aliphatic alcohols and phenols, R-COOH 
bending of carboxylic acids, and CΞC stretching of ali-
phatic hydrocarbons (alkynes) which were different from 
the main absorption groups found in a clean membrane’s 
spectrum (Fig. 13), showing that there was more fouling 
on the membrane surface [32].

Generally, the FTIR analysis revealed that the major 
active groups of organic pollutants that precipitated on the 
surface of the membrane were aliphatic alcohols and phe-
nols (3,600–3,200 cm–1 and 1,150–1,100 cm–1), amines (3,500–
3,100 cm–1 and 1,640–1,550 cm–1), aromatic hydrocarbons 
(3,100–3,000 cm–1 and 840–800 cm–1), aliphatic hydrocarbons 
(2,990–2,850 cm–1 and 1,300–1,200 cm–1), inorganic carbon-
ate (1,550–1,300 and 880–700 cm–1), and aromatic ethers 
(1,300–1,200 cm–1) [19].

3.5. Atomic force microscopy (AFM) images

In this work, the surface characteristics of the membrane 
were evaluated by using AFM test. The average roughness 

of a membrane is a surface feature that influences mem-
brane fouling owing to adsorption–desorption balance of 
foulants across the membrane surface [33]. Fig. 15 shows 
an AFM image of a clean membrane. The AFM test showed 
many interactions on membrane surface, indicating that 
the surface is rough. Although the rough surface helps 
prevent a variety of pollutants from passing through the 
membrane, but this could also enhance fouling [27]. More 
charged oxygen-related species are expected to be adsorbed 
on the surface as the surface roughness rises [34]. Moreover, 
the analysis revealed that the membrane was composed of 
numerous pores with a uniform distribution depending 
on their average roughness (RA), root mean square (RMS), 
and average diameter (AD) of 1.97, 2.99 and 17.64 nm,  
respectively.

Fig. 16 illustrates the AFM images of the fouled mem-
branes for clean membrane, runs 2, 3, and backwashed 
membrane. In terms of average roughness (RA), root mean 
square (RMS), and average diameter (AD), the findings of 
the AFM examination of the fouled membranes among the 
conducted runs compared to the clean and backwashed 
membranes are shown in Table 7.

The AFM images illustrated that the roughness of the 
membrane changed among the performed runs. For exam-
ple, the average surface roughness of the membrane in run 
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Fig. 14. FTIR spectra for the fouled TFC-PA RO membrane for 
(a) unused membrane, (b) run 2, (c) run 3, and (d) backwashed 
membrane. Fig. 15. AFM image of the clean RO membrane.

Fig. 16. AFM images of the contaminated membrane for (a) run 2, (b) run 3, and (c) backwashed membrane.
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3, which was conducted with a UF membrane, equaled 
1.24 nm and was higher than that in run 2 (MF) and back-
washed membrane, which equaled 1.15 and 0.41 nm, respec-
tively. As the surface roughness increased, the membrane 
performance improved by increasing the filtration area 
and, consequently, the permeate flux [27,33]. Both RMS 
roughness (often regarded as more sensitive than the aver-
age roughness) and AD were also varied between the runs. 
The AD incensement also causes an increase in surface 
roughness [34]. Additionally, the analysis revealed a par-
tial blockage of the active layer porosity of the backwashed 
membrane, where various foulants, including both organic 
and organic matter, which could not be removed by back-
washing, blocked these pores, resulting in a lower rejection 
percentage of contaminants and a lower permeate water 
flux as compared to the original clean membrane.

4. Conclusion

The impacts of various pretreatment methods on RO 
permeate flux, rejection, and recovery were examined 
using different filtration membranes. The majority of the 
RO fouling was found to be caused by particulate matter 
greater than 0.01 μm. However, when MF/UF membrane 
filtration were applied, fouling was significantly reduced. 
The SEM images of the fouled RO membrane revealed that 
the dispersion and morphology of the precipitated pollut-
ants on the membrane surface changed depending on the 
quality of the feedwater and the pretreatment type. For 
example, scale deposition onto the membrane surface from 
MF feedwater covered the entire surface of the membrane. 
However, the fouled material from the feedwater with UF 
pretreatment covered almost half of the membrane sur-
face. SEM images of the fouled membranes demonstrated 
that using the UF membrane as a pretreatment lowered the 
extent of contaminants throughout the surface of the mem-
branes by 50%. Therefore, the initial permeate flux of the 
run performed with the UF membrane was approximately 
40% higher than that of the run conducted with the MF 
membrane. Additionally, when the UF was employed, the 
COD and TDS removal percentages were improved by 14% 
and 6%. Moreover, the AFM images showed that the rough-
ness of the membrane changed among the performed runs. 
For example, the average surface roughness of the mem-
brane in the run performed with UF (1.24 nm) was higher 
than that of the MF’s run (1.15 nm), thus indicating the 
membrane performance improvement by increasing the fil-
tration area and, consequently, the permeate flux. For back-
washing performance, the SEM images of the backwashed 
membrane revealed that it had nearly regenerated to its 

original state and was almost identical to the clean mem-
brane in terms of appearance and contaminants removal. 
Despite this, the initial permeate flux of the backwashing 
run was around 9% lower than the original flux. Overall, 
the findings revealed that utilizing MF/UF as a pretreatment 
before the RO system considerably decreased the amounts 
of heavy metals and oil in the treated wastewater under the 
NEQS, with removal rates of 93.8%, 94.1%, 99.5%, 98%, and 
99.5% for Zn2+, Cu2+, Cr3+, Fe3+, and oil. Also, the water qual-
ity in terms of the COD and TDS removal was improved, 
which were reduced to 12 and 10.37 mg/L, respectively, 
generating ultrapure water and confirming that the used 
RO membrane technology with the UF/MF pretreatment 
is an effective approach to industrial wastewater treat-
ment. Furthermore, the findings showed that backwashing 
was effective in reactivating the RO membrane. Therefore, 
it can be utilized as an alternative to chemical cleaning in 
order to sustain membrane longevity and functionality.
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