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Abstract:

Wastewater treatment is a continuous environmental problem, which troubles
human activities. Numerous efforts have been made over the years to develop
newly efficient technologies, including traditional filtration, coagulation-flocculation,
and biological treatment systems. Among which, membrane technology is proven
to be a significant one. Membranes technology is divided into four categories
based on pore size. The four types of membrane technology including micro-
filtration, ultra-filtration, nano-filtration, and reverse osmosis. This paper focus on
the introduction, advantages, disadvantages and protection of these four
membrane processes.

under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution and reproduction in any medium,

provided the work is properly cited.

86



Journal of Basic & Applied Sciences, 2023, Volume 19

1. INTRODUCTION

The membrane technology has a low lab-experimental
history before its first industrial application in 1960s [1-
3]. In 1748, Abbe' Nollet makes an accidental discovery
of the earliest known membrane phenomenon, which is
called osmosis [4]. Between 1907 and 1920,
Zsigmondy creates molecular filters which are the first
microfilters and ultrafilters [1-3, 5]. Teorell and Meyer's
(1930) study on transport over neutral and fixed-charge
membranes provided the foundation for electrodialysis
membranes and modern membrane electrodes [1-3, 6].

Since membrane technology inception in the 1960s,
membrane technology has advanced significantly and
is currently undergoing a blossoming that began in the
early 1990s [6-8]. The use of membranes is generally
recognized as the greatest technique currently
available for the treatment of water and wastewater [9-
11]. The use of membrane technology is primarily
driven by growing fears about the world's population
increase, the scarcity of freshwater supplies, and
stricter rules governing water quality. Additionally,
membranes are employed in the production of energy,
the processing of food and beverages, the
manufacturing of chemicals and pharmaceuticals,
environmental monitoring, and quality control [12-14].

Human activities are entirely dependent on water.
Numerous tons of wastewater are created each day in
the home, industrial, and agricultural sectors as a result
of the growing human population [15, 16]. However,
freshwater resources are not renewed quickly enough
to meet the needs of the growing population in terms of
water use. Because of this, there is fierce competition
and an unjust distribution of the few freshwater
resources among the different industries. As a result,
many people worldwide, particularly in poorer nations,
lack access to clean water. Wastewater generation is
unavoidable because it is a crucial link in the value
chain of every aspect of life [17]. Around 10 barrels of
wastewater are produced for every barrel of processed
crude oil in the sector [18].

In keeping with this, numerous efforts have been made
over the years to develop newly efficient technologies
[10]. Studies have shown that membrane technology is
one of the efficient wastewater treatment procedures.
Membrane technology has expanded dramatically over
the past couple of decades and offers several
opportunities for wastewater treatment due to
significant equipment size reduction, low energy
requirements, and inexpensive capital costs [7]. Owing
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to little or no chemical use, environmental friendliness,
and widespread accessibility, membrane technology
has the potential to close the economic and
sustainability gap.

Membranes technology is divided into four categories
based on pore size. The four types of membrane
technology include micro-filtration (MF), ultra-filtration
(UF), nano filtration (NF) and reverse osmosis (RO) [6,
13, 19]. Micro-filtration membrane process s
considered as a low-pressure membrane process [20].
Micro-filtration membrane are used for the retention of
suspended material particles, which is similar to
traditional coarse filtration [21].  Ultra-filtration
membrane is one of the types of membrane
technology, which pore size is about (2-100 nm) [22,
23]. It tosses off macro-molecular colloids and virus.
Unfortunately, the membrane may allow almost more
dissolved ionic species to flow through. It is also,
considered an effective method for treating generated
water and oily wastewater treatment. The key benefits
of using it are its effectiveness in removing oil, lack of
need for chemical additives, low energy cost, ability to
function at low trans membrane pressures of 1 to 30
psi, and little space requirements [24, 25].

2. MEMBRANE TECHNOLOGY FOR WASTEWATER
TREATMENT

Membranes are understood to be a designed barriers
that filter out colloids, molecules, or salt utilizing a non-
fibrous, engineered barrier and a size exclusion
mechanism [26]. Membranes can separate different
particles, based on their pore size, shape, and
chemical or physical property. A membrane, in its
simplest form, is a barrier that divides two phases by
preventing certain components from passing through it
[27]. The schematic diagram shows a summary of
some of these techniques according to their driving
forces below (Figure 1).

2.1. Micro-Filtration Membrane Technology

One of the membrane technology kinds that use
membranes with highly open pore configurations in a
low-pressure separation process is micro-filtration [29,
30]. Both organic and inorganic materials, including
ceramic or stainless steel, can be used to create micro-
filtration filters, such as polymer-based membranes.
One of the most widely utilized membrane techniques
for wastewater treatment is the micro-filtration
membrane [19, 31]. Micro-filtration development started
in the 1920s and 1930s, with the collision
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Figure 1: The schematic representation of some membrane processes [28].

(nitrocellulose) membranes are the first membranes to
be made available for purchase commercially in 1926
[32]. Although there are more membrane
manufacturers in the 1940s, until the middle of the
1960s, micro-filtration membranes are only used in
laboratories and relatively small-scale companies.
Dead-end or in-line filtration is the most popular
method for micro-filtration. In the 1970s, cross-flow
filtration, a substitute technology, and the use of
membranes in large-scale enterprises both became
feasible. Ceramic tubular cross-flow filters became on
sale in the middle of the 1980s. The third type of micro-
filtration to emerge in the following few years was semi-
dead-end filtration [32, 33].

Micro-filtration membranes are frequently using in
pharmaceutical, semiconductor industries, food and
beverage [34]. To get rid of tiny particles, big bacteria,
dangerous pathogens, and yeast cells, micro-filtration
membrane technology employs the physical separation
concept. For industrial applications where particles
larger than 0.1 ym must be stayed in a mixed solution,
micro-filiration is the preferred approach and a fairly
well-established  technology [21].  Micro-filtration
membranes is making significant progress in the
wastewater sector, concentrating on removing particles
from wastewater, in sewage treatment, but also in a
number of other types of industries like semiconductor
fabrication that produce heavily polluted wastewater
that requires extensive treatment due to toxic
substances and metals [35].
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Groundwater containing gaseous hydrogen sulfide
(H2S) has been assessed using micro-filtration
membranes as an alternative treatment to the
traditional method, which mostly involved air stripping
to remove H,S [36]. For the production of drinking
water, filtering lake water through porous ceramic
membranes has proven to be quite effective. The
demand for chlorine, which is required to make a water
transport and distribution network hygienically safe,
was noticeably reduced as a result of the total removal
of suspended particles, bacteria, and algae [37].

All process fluid travels through a micro-filtration
membrane during dead-end filtration, and all patches
that are larger than the membrane's severance
compasses are stopped at the membrane's face. In
order to help cutlet development, the entire feed water
is treated all at formerly. The main operation of this
system is batch or semi-continuous filtration of dilute
results.

The most significant use of micro-filtration membrane
technology is the filtration of aqueous solutions,
particularly in the purification of drinking water and
beverage [38]. In beverage production, industrial
applications include the filtering wine and beer as well
as the processing of milk and whey. Micro-filtration
membrane is employed in biotechnology to keep
biomass in the fermentation fluid. The separation of
water and oil is the most crucial micro-filtration process
in the metallurgical sector [34].
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Membrane technology have numerous advantages
such as, it does not need to change the pH of the
solution and temperature during the micro filtration
membrane separation. Without the use of chemicals,
micro-filtration can also be accomplished, which lowers
production costs, boosts product quality, and lowers
labor expenses [39]. Unfortunately, membrane fouling
or obstruction continues to be a major issue when
using micro-filtration. In this scenario, micro-filtration
membrane productivity is decreased, permeation flux is
diminished, and the service life of filters is limited. The
expansion of its applicability is unavoidably hampered
by this circumstance.

2.2. Ultra-Filtration Membrane Technology

Ultra-filtration uses a finely porous membrane to
separate water and micro solutes from macro-
molecules and colloids [40, 41]. The membrane's pore
size ranges from 10 to 1000 A on average. Bechhold
creates the first artificial ultra-filtration membranes
using collision (nitro cellulose). Other important early
workers were Zsigmondy and Bachmann, Elford and
Ferry. Colloid ultra-filtration and micro-filtration
membranes are marketed for use in laboratories by the
middle of the 20th century. Even though collodion
membranes were frequently employed in scientific
experiments, no industrial uses were known until the
1960s. The significant innovation came from Loeb and
Sourirajan's creation of the an-isotropic cellulose
acetate membrane in 1963.

The ultra-filtration membranes can be created from
both the organic and the inorganic materials [23]. In
order for the production of ultra-filtration membrane to
be carried out, several other materials and polymers
are used. A certain polymer is selected as a membrane
material based on a number of extremely precise
characteristics, including molecular weight, chain
flexibility, chain interaction, etc. [42, 43]. The structure
of ultra-filtration membrane is a symmetric or
symmetric. Ultra-filiration membranes can have
symmetrical or asymmetrical structures. The range of
symmetric membrane thicknesses (porous and
nonporous) is 10 to 200 um. The asymmetrical
structure of ultra-filtration membranes is made up of a
highly dense outer layer or skin that ranges in
thickness from 0.1 to 0.5 um that is supported by a
porous sub-layer that is between 50 and 150 um thick.
The size of the pore in porous membranes largely
impacts the separation properties. In  most
circumstances, the kind of membrane material has little
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bearing on flux and rejection but is crucial for chemical,
thermal, and mechanical stability [44-48].

The operation of ultra-filtration membrane can be
achieved in two different service modes, which are
dead-end flow and cross-flow [49-51]. The dead-end
flow mode of ultra-filtration membrane operation is
similar to a cartridge filter wherein there is only a filtrate
flow and feed flow. The dead-end flow technique often
limits itself to feed streams with low suspended
particles but typically provides for optimal feed water
recovery in the 95 to 98 percent range. The cross-flow
mode of the ultra-filtration membrane operation
different from that of the dead-end mode in which there
is an extra flow aside from filtrate flow and feed flow.
Typically, the cross-flow mode of operation yields a
lower feed water recovery, i.e., 90 to 95% range.

The ultra-filtration membrane technology is recognized
to be a competitive wastewater treatment technology
as compare to the conventional wastewater treatment
method. To ensure the whole process of the ultra-
filtration membrane performs at its best, each stage of
this process must be managed, creating a complicated
control system. Modern water treatment plants use
ultra-filtration membrane to replace the clarification
process, which includes coagulation, sedimentation,
and filtration and can be thought of as a membrane
operation for clarity and disinfection Despite the fact
that ultra-filtration membrane is permeable, all particle
pollutants, including macro-molecules and viruses and
bacteria, are rejected.

As previously stated, ultra-filtration membrane can be
used for drinking water supply in a single operation,
i.e., without any pre-treatment other than a standard
screen filter. Ultra-filtration membrane can be used
alone to treat wastewater when the feed water organic
content level is not too high [52]. To eliminate water-
borne pathogens when preparing drinking water,
membrane filtration has replaced traditional technology
as the preferable option. It has been discovered that
ultra-filtration membrane technology can remove
viruses, Giardia, and turbidity from water better than
existing regulations allow. By utilizing ultra-filtration
membrane, it is possible to eliminate 90-100% of
viruses and bacteria [53, 54].

2.3. Nano-Filtration Membrane Technology

In recent years, the development of nano-filtration
membrane applications across all areas has been quite
rapid [55, 56]. By the end of 1980, nano-filtration
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membrane was already being employed in filtration
processes. Nano filtration characteristics are 7-30
operating pressure and 1-5 nm in pore size these are
used to separate solutes with low molecular weight,
and it's effective in rejecting hardness, heavy and dye
metal [57, 58]. Nano-filtration membrane is a very
promising membrane application for the future
wastewater treatment technology, owing to Ilow
operating pressure, increased permeate flux, lower
energy consumption and higher rejection. The nano-
filtration membrane technology is one the types
membrane technology that has been recently added to
the wastewater treatment systems. Due to their unique
properties, nano-filtration membranes are very effective
at fractional and removing specific solutes from
complicated process streams [59]. Recent years have
seen a remarkable increase in the use of nanofiltration
membrane technology, which has become a viable
process [60, 61].

Nano-filtration membrane technology is becoming more
predominant in pharmaceuticals, wastewater treatment,
biotechnology, industry, brackish water desalination
and water purification [62, 63]. Nano-filtration
membrane method is used in industry for things like
color separation in the textile industry, metal recovery,
and olive mill wastewater treatment. Additionally, nano-
filtration membrane is used to treat the wastewater
from the coke industry, the pulp and paper industry, the
oil and petroleum industry's greasy effluent, and to
remove acid sulfate from wine water. There are
numerous domestic sectors, in which nano-filtration
applications has been used as well, such as the
treatment of municipal wastewater, leachate, car wash
effluent, and restaurant effluent. Additionally, nano-
filtration membrane technology has been utilized to
remove phenol chemicals from pomegranate juice as
an alternative to separation in food processing. The
combination of nano-filtration membrane and reverse
osmosis with cascade operation in whey treatment
produces the best results for recovering protein and
lactose, during the treatment of instant tea powder
effluent. Additionally, red wine and coffee extract are
concentrated via nano-filtration membrane. The nano-
filtration membrane technique is chosen in the
pharmaceutical industry for the antibiotic separation
process [64, 65].

2.4. Reverse Osmosis Process Membrane

Technology

Reverse osmosis is considered to be a mechanism
derived from the development of osmosis, that
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happens in nature, whereby may be a fashionable
method technology to purify water for a large vary of
applications, as well as semiconductors, food process,
biotechnology, prescription drugs, power generation,
brine desalting, and municipal beverage [66-71], clearly
seen in Figure 2.

Reverse Osmosis
Applied Pressure Pure Water
Fresh
Salt Water
Water
J
Water Flow

Figure 2: The general summary of reverse osmosis process.

Essentially, a RO desalination plant consists of four
primary systems (shown in Figures 3 and 4): (1) pre-
treatment system, (2) high pressure pumps, (3)
membrane systems, and (4) post-treatment system
[72-77]. There is a pre-treatment system available to
get rid of any suspended materials, preventing salt
precipitation or microbiological growth on the
membranes. A chemical feed followed by coagulation,
flocculation, and sedimentation, as well as sand
filtration or membrane processes like micro-filtration
and ultra-filtration, are examples of standard pre-
treatment techniques. A water pump is necessary to
apply pressure to waste water or a saline solution in
order to create the reverse osmosis pressure. The
solvent will not flow when the pressure is equal to the
solution's natural osmotic pressure. The solvent flows
through the reverse osmosis membrane, forming a
concentrated solution on the pressure side and a more
diluted solution on the opposite side if the pressure is
greater than the natural osmotic pressure of the
solution. If the pressure is lower, the solvent flows from
the diluted solution to the concentrated solution. All of
these will successfully separate the solute and
eliminate contaminants such salt, colloid,
microorganisms, heat source, organic debris, and
others. To put it another way, the idea behind
desalination using a reverse osmosis membrane is to
exert higher pressure than natural osmosis pressure on
water that has been salted. This will force the water



Journal of Basic & Applied Sciences, 2023, Volume 19

Pretreatment High pressure Membrane
Feed e Reject or concentrate
R water
water
Permeate or Product
water

Figure 3: Schematic diagram of the RO process.
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Figure 4: The reverse osmosis process utilizing either conventional or membrane pre-treatment, as indicated by the dotted lines
[78, 79].
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Figure 5: Principle of reverse osmosis.

molecules in the raw water to the other side of the 3. MEMBRANE FOULING AND CLEANING
membrane and cause the permeation to go in the other

direction, achieving the goal of eliminating the salt from  The foremost hindrance to the prevalent of membranes
the water. Reverse osmosis technology is one of the  technology is the existence of fouling phenomenon on
most cutting-edge membrane separation techniques the membrane process. Membrane fouling is the cause

used in treatment wastewater in the world. Other way, of the deteriorating of permeate quality and the decline
the basic principle is shown in Figure 5. in permeate flux [80]. Fouling in membrane can also be
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Figure 6: Mechanisms of membrane fouling [85]. (a) Concentration polarization; (b) Adsorption; (c¢) Gel layer formation; (d)
Complete blocking; (e) Standard blocking; (f) Intermediate blocking.

motivated by the hydrodynamics of the filtration
process. Fouling in membrane is generally classified as
reversible and irreversible [81]. It is simpler to deal with
the reversible fouling phenomenon than the irreversible
fouling. The cake layer formation, adsorption, and pore
blocking are examples of the irreversible fouling (Figure
6) [82]. Complete, standard, and intermediate pore
blocking are the three different forms of pore blocking
[83, 84].

The degree of flux recovery reveals the degree of
fouling as well as the efficiency of the cleaning
technique. Concentration polarization and fouling are
direct link to flux decline in membrane. Concentration
polarization takes place when dissolved and colloidal
substances gather on or very close to the membrane
surface, whereas fouling is the progressive
accumulation of pollutants on the membrane surface
[86]. The interactions between the foulants in the feed
stream, the fouling layer, and the filtration process
hydrodynamics all have an impact on membrane
fouling [87, 88]. Various efforts are being tried by
organizations and businesses to address this issue of
flux drop during membrane processes, particularly the
micro-filiration membrane, can have a negative impact
on the economics of a given membrane operation [89,
90].

The abecedarian handicap to effective chemical
cleaning, which is the second of the two defining
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cleaning mechanisms, is allowed to be mass transfer.
The first stage in chemical cleaning is to identify
composites that can be employed as drawing agents
[91]. The selection of the applicable accoutrements is
grounded on the feed composition and the layers that
have rained on the membrane face, and is generally
done by ftrial and error. The membrane's performance
may be negatively impacted by the unhappy cleaning
agent selection. The chosen cleaning agent needs to
be affordable, washable with water, chemically stable,
safe, and suitable to dissolve the maturity of the rained
fouling rudiments without causing any detriment to the
membrane [92]. Cleaning agents often fall under the
categories of bases, acids, enzymes, surfactant, and
disinfectants, as well as combinations of these
categories.

Unless sufficiently large concentrations are utilized to
overcome the forces of attraction, the chemical agent
cannot reach the foulants. To describe the membrane
chemical cleaning process, several researchers
recommended the following six steps:

1. Bulk response of cleaning
cleaning in place is introduced;

reagent as the

Cleaning agent is transported to membrane face;

Cleaning agent transportation through foulants
layers to membrane surface;
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Figure 7: Schematic stage model for solution transport.

4. Waste cleaning agent with suspended foulants
transported to interface;

5. Cleaning responses solubilize and detach
foulants;
6. Eventually, transport of waste matter to the bulk

result from forgetful side of membrane.

According to the electrostatic equilibrium model (Figure
7), the foulants is physically removed from the
membrane surface by minimizing forces that keep it
there during cleaning. Whether the foulants is organic,
inorganic, acidic, or basic, as well as the charge state,
should all be taken into consideration when choosing
the cleaning agent. Solutions containing sodium
hydroxide (NaOH) are employed where membrane
chemical resistance is a concern. Increased mass
transfer and transport of the cleaning agent to the
membrane surface are made possible by its ability to
enlarge NOM molecules. Using NaOH at the threshold
value concentration, which varies for different foulants
and membrane materials and degree of fouling, could
increase the amount of permeate that is recovered [93].
This may explain why oxidants work better when paired
with alkaline cleaning solutions, especially in areas
where organic foulants are prevalent [94]. Acids are
used more frequently to remove mineral scaling
because they are efficient for cleaning in place and
chemical enhanced back flush at pH levels as low as
1.0.

4. CONCLUSIONS

In general, research has shown that several membrane
technologies, including micro-filtration, ultra-filtration,
nano-filtration, and reverse osmosis, are employed to
effectively treat wastewater from various activities.
However, improvements in membrane fouling and

93
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membranes sensitivity to harmfulness are the key
constraints of the membrane technology, which must
be addressed in order to address specific particle
limitations and increase membrane usage in various
kinds of wastewater. The cleaning method with less
secondary waste liquid caused by membrane cleaning
and easy to deal with the waste liquid should be
chosen, because it is dangerous to consider the
secondary waste liquid produced by membrane
cleaning. For this reason, researchers have developed
many ways to improved membrane technology in
wastewater treatment. Overall, it can be said that
wastewater treatment using membrane technology has
been proven to be quite promising.

ACKNOWLEDGEMENT

This work was supported by Science and Technology
Research Program of Chongqing Municipal Education
Commission (No. KJQN202201406), Chongqging
Science and  Technology = Commission  (No.
cstc2021jcyj-msxmX0129) and the Science and
Technology Research Program of Chongging Municipal
Education Commission (No. CXQT20026).

CONFLICTS OF INTEREST

All authors certify that they have no affiliations with or
involvement in any organization or entity with any
financial interest or non-financial interest in the subject
matter or materials discussed in this manuscript.

REFERENCES

[1] Tomé LC, Santos DMF, Velizarov S, Coelhoso IM, Mendes
A, Crespo JG, de Pinho MN. Overview of membrane science
and technology in Portugal. Membranes 2022; 12(2): 197.
https://doi.org/10.3390/membranes12020197

[2] ElMekawy A, Hegab HM, Pant D. The near-future integration
of microbial desalination cells with reverse osmosis
technology. Energy Environ Sci 2014; 12(7): 3921-3933.
https://doi.org/ 10.1039/c4ee02208d




(3]

4

(5]

6l

[

(8]

&l

[10]

(1]

2]

(3]

[14]

(18]

[16]

7]

(18]

[19]

Journal of Basic & Applied Sciences, 2023, Volume 19

Ahmad A, Mohammad AW, Hashlamon A. The effect of
wastewater pretreatment on nanofiltration membrane
performance. J Water Reuse Desalination 2017; 7(1): 45-52.
https://doi.org/10.2166/wrd.2016.083

Bacchin P. Colloid-interface interactions initiate osmotic flow
dynamics. Colloids Surf. A: Physicochem. Eng Asp 2017;
533): 147-158.

https://doi.org/10.1016/j.colsurfa.2017.08.034

Zsigmondy R. Uber feinporige Filter und neue Ultrafilter.
Angew Chem 1926; 39(12): 398-401.
https://doi.org/10.1002/ange. 19260391203

Ali A, Tufa RA, Macedonio F, Curcio E, Drioli E. Membrane
technology in renewable-energy-driven desalination. Renew.
Sustain. Energy Rev 2018; 81: 1-21.
https://doi.org/10.1016/j.rser.2017.07.047

Quist-Jensen CA, Macedonio F, Drioli E. Membrane
technology for water production in agriculture: Desalination
and wastewater reuse. Desalination 2015; 364: 17-32.
https://doi.org/10.1016/j.desal.2015.03.001

Lainé JM, Vial D, Moulart P. Status after 10 years of
operation — overview of UF technology today. Desalination
2000; 131(1-3): 17-25.
https://doi.org/10.1016/S0011-9164(00)90002-X

Wei Y, Liu G, Luo J, Li L, Xu Z, Novel membrane separation
technologies and membrane processes. Front Chem Sci Eng
2021; 15(4): 717-719.
https://doi.org/10.1007/s11705-021-2053-y

Obotey Ezugbe E, Rathilal S. Membrane technologies in
wastewater treatment: A review. Membranes 2020; 10(5): 89.
https://doi.org/10.3390/membranes10050089

Pervov AG, Andrianov AP, Gorbunova TP, Bagdasaryan AS.
Membrane technologies in the solution of environmental
problems. Pet Chem 2015; 55(10): 879-886.
https://doi.org/10.1134/s0965544115100199

Bernardo P, lulianelli A, Macedonio F, Drioli E. Membrane
technologies for space engineering. J Membr Sci 2021; 626:
119177.

https://doi.org/10.1016/j.memsci.2021.119177

Judd SJ. Membrane technology costs and me. Water Res
2017; 122: 1-9.
https://doi.org/10.1016/j.watres.2017.05.027

Peng H, Guo J, Li B, Huang H, Shi W, Liu Z. Removal and
recovery of vanadium from waste by chemical precipitation,
adsorption, solvent extraction, remediation, photo-catalyst
reduction and membrane filtration. A review. Environ Chem
Lett 2022; 20(3): 1763-1776.
https://doi.org/10.1007/s10311-022-01395-z

Dong S, Page MA, Massalha N, Hur A, Hur K, Bokenkamp K,
Wagner ED, Plewa MJ. Toxicological comparison of water,
wastewaters, and processed wastewaters. Environ Sci
Technol 2019; 53(15): 9139-9147.
https://doi.org/10.1021/acs.est.9b00827

Mazeikiené A, Grubliauskas R. Biotechnological wastewater
treatment in small-scale wastewater treatment plants. J
Clean Prod 2021; 279: 123750.
https://doi.org/10.1016/}.jclepro.2020.123750

Toczylowska-Maminska R, Szymona K, Kloch M.
Bioelectricity production from wood hydrothermal-treatment
wastewater: Enhanced power generation in MFC-fed mixed
wastewaters. Sci Total Environ 2018; 634: 586-594.
https://doi.org/10.1016/j.scitotenv.2018.04.002

Pendashteh AR, Fakhru’l-Razi A, Madaeni SS, Abdullah LC,
Abidin ZZ, Biak DRA. Membrane foulants characterization in
a membrane bioreactor (MBR) treating hypersaline oily
wastewater. Chem Eng J 2011; 168(1): 140-150.
https://doi.org/10.1016/j.cej.2010.12.053

Sanmartino JA, Khayet M, Garcia-Payo MC. Reuse of
discarded membrane distillation membranes in microfiltration
technology. J Membr Sci 2017; 539: 273-283.
https://doi.org/10.1016/j.memsci.2017.06.003

94

[20]

[21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

Bukhari SZA, Ha J-H, Lee J, Song I-H. Oxidation-bonded SiC
membrane for microfiltration. J Eur Ceram Soc 2018; 38(4):
1711-1719.
https://doi.org/10.1016/j.jeurceramsoc.2017.10.019

Hakami MW, Alkhudhiri A, Al-Batty S, Zacharof M-P, Maddy
J, Hilal N. Ceramic microfiltration membranes in wastewater
treatment: Filtration behavior, fouling and prevention.
Membranes 2020; 10(9): 248.
https://doi.org/10.3390/membranes10090248

Schuster B, Sleytr UB. S-layer ultrafiltration membranes.
Membranes 2021; 11(4) 275.
https://doi.org/10.3390/membranes11040275

Malakhov AO, Anokhina TS, Petrova DA, Vinokurov VA,
Volkov AV. Nanocellulose as a component of ultrafiltration
membranes. Pet Chem 2018; 58(11): 923-933.
https://doi.org/10.1134/s0965544118110051

Sedelkin VM, Surkova AN, Pachina OV, Potehina LN,
Mashkova DA. Simulation of membrane ultrafiltration of
secondary raw milk. Pet Chem 2016; 56(4): 367-378.
https://doi.org/10.1134/s0965544 116040095

Gronwald O, Frost I, Ulbricht M, Kouchaki Shalmani A,
Panglisch S, Grinig L, Handge UA, Abetz V, Heijnen M,
Weber M. Hydrophilic poly(phenylene sulfone) membranes
for ultrafiltration. Sep Purif Technol 2020; 250: 117107.
https://doi.org/10.1016/j.seppur.2020.117107

Van der Bruggen B, Vandecasteele C. Removal of pollutants
from surface water and groundwater by nanofiltration:
overview of possible applications in the drinking water
industry. Environ Pollut 2003; 122(3): 435-445
https://doi.org/10.1016/S0269-7491(02)00308-1

Takht Ravanchi M, Kaghazchi T, Kargari A. Application of
membrane separation processes in petrochemical industry: a
review. Desalination 2009; 235(1-3): 199-244.
https://doi.org/10.1016/j.desal.2007.10.042

Jhaveri JH, Murthy ZVP. A comprehensive review on anti-
fouling nanocomposite membranes for pressure driven
membrane separation processes. Desalination 2016; 379:
137-154.

https://doi.org/10.1016/j.desal.2015.11.009

Zhang C, Wang J, Olah A, Baer E. Composite nanofibrous
microfiltration water filter. J Appl Polym Sci 2017; 134(48):
45557.

https://doi.org/10.1002/app.45557

Elele E, Shen Y, Tang J, Lei Q, Khusid B, Tkacik G,
Carbrello C. Mechanical properties of polymeric
microfiltration membranes. J Membr Sci 2019; 591: 117351.
https://doi.org/10.1016/j.memsci.2019.117351

Sun J, Chen Z, Shen J, Wang B, Zhao S, Wang W, Zhu X,
Wang Z, Kang J. Improvement of the fabricated and
application of aluminosilicate-based microfiltration
membrane. Chemosphere 2021; 273: 129628.
https://doi.org/10.1016/j.chemosphere.2021.129628

Gul A, Hruza J, Yalcinkaya F. Fouling and chemical cleaning
of microfiltration membranes: A mini-review. Polymers 2021;
13(6): 846.

https://doi.org/10.3390/polym13060846

Tanudjaja HJ, Anantharaman A, Ng AQQ, Ma Y, Tanis-
Kanbur MB, Zydney AL, Chew JW. A review of membrane
fouling by proteins in ultrafiltration and microfiltration. J Water
Process Eng 2022; 50: 103294.
https://doi.org/10.1016/j.jwpe.2022.103294

Yalcinkaya F, Boyraz E, Maryska J, Kucerova K. A review on
membrane technology and chemical surface modification for
the oily wastewater treatment. Materials 2020; 13(2): 493.
https://doi.org/10.3390/ma13020493

Lee J, Ha J-H, Song I-H, Shin DW. Enhanced fouling
resistance of organosilane-grafted ceramic microfiltration
membranes for water treatment. J Ceram Soc Jpn 2017;
125(12): 899-905.

https://doi.org/10.2109/jcersj2.17104




[36]

[37]

(38]

[39]

(40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

(49]

[50]

Journal of Basic & Applied Sciences, 2023, Volume 19

Sheikhi M, Arzani M, Mahdavi HR, Mohammadi T. Kaolinitic
clay-based ceramic microfiltration membrane for oily
wastewater treatment: Assessment of coagulant addition.
Ceram Int 2019; 45(14): 17826-17836.
https://doi.org/10.1016/j.ceramint.2019.05.354

Jepsen KL, Bram MV, Pedersen S, Yang Z. Membrane
fouling for produced water treatment: A review study from a
process control perspective. Water 2018; 10(7): 847.
https://doi.org/10.3390/w 10070847

Li L, Visvanathan C. Membrane technology for surface water
treatment: advancement from microfiltration to membrane
bioreactor. Rev Environ Sci Biotechnol 2017; 16(4): 737-760.
https://doi.org/10.1007/s11157-017-9442-1

Tummons E, Han Q, Tanudjaja HJ, Hejase CA, Chew JW,
Tarabara VV. Membrane fouling by emulsified oil: A review.
Sep Purif Technol 2020; 248: 116919.
https://doi.org/10.1016/j.seppur.2020.116919

Meng Q, Nan J, Wang Z, Ji X, Wu F, Liu B, Xiao Q. Study on
the efficiency of ultrafiltration technology in dealing with
sudden cadmium pollution in surface water and ultrafiltration
membrane fouling. Environ Sci Pollut Res 2019; 26(16):
16641-16651.

https://doi.org/10.1007/s11356-019-04691-4

Li S, Milia M, Schafer Al, Richards BS. Renewable energy
powered membrane technology: Energy consumption
analysis of ultrafiltration backwash configurations. Sep Purif
Technol 2022; 287: 120388.
https://doi.org/10.1016/j.seppur.2021.120388

Wang W, Shi YP, Zhang P, Zhang ZC, Xu X. Fabrication of
an antifouling GO-TiO,/PES ultrafiltration membrane. J Appl
Polym Sci 2021; 138(39): 51165.
https://doi.org/10.1002/app.51165

Jin W, Wang L, Zhang H, Liang J, Cao S, Zhang Q, Wang J,
Ye Z. Crosslinkable polyaryletherketone ultrafiltration
membranes with solvent-resistant improvement. Mater Today
Commun 2019; 21: 100696.
https://doi.org/10.1016/j.mtcomm.2019.100696

Nayak V, Geetha Balakrishna R, Padaki M, Soontarapa K.
Zwitterionic ultrafiltration membranes for As (V) rejection.
Chem Eng J 2017; 308: 347-358.
https://doi.org/10.1016/j.ce}.2016.09.096

Dlask O, Vaclavikova N. Electrodialysis with ultrafiltration
membranes for peptide separation. Chem Pap 2018; 72(2):
261-271.

https://doi.org/10.1007/s11696-017-0293-6

Etemadi H, Kazemi R, Ghasemian N, Shokri E. Effect of
transmembrane pressure on antifouling properties of
PVC/Clinoptilolite ultrafiltration nanocomposite membranes.
Chem Eng Technol 2022; 45(6): 1192-1200.
https://doi.org/10.1002/ceat.202200097

Joshi US, Bhalani DV, Chaudhary A, Jewrajka SK.
Multipurpose tight ultrafiltration membrane through controlled
layer-by-layer assembly for low pressure molecular
separation. J Membr Sci 2022; 641: 119908.
https://doi.org/10.1016/j.memsci.2021.119908

Zhang Y, Zhou S, Li Z, Zhang H, Zhang M, Wang J, Chen L,
Zhang H. Effect of pore-forming/hydrophilic additive
anchorage on the mesoporous structure and sieving
performance of a blended ultrafiltration (UF) membrane. J
Membr Sci 2022; 641: 119904.
https://doi.org/10.1016/j.memsci.2021.119904

Zebi¢ Avdicevic M, Kosutic K, Dobrovi¢ S. Performance
evaluation of different membrane types in the textile
mercerization wastewater treatment. Water Environ J 2019;
33(2): 203-213.

https://doi.org/10.1111/wej. 12391

Miskiewicz A, Zakrzewska-Koltuniewicz G, Pasieczna-
Patkowska S. Photoacoustic spectroscopy as a potential

95

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

(60]

[61]

(62]

(63]

(64]

[65]

(66]

method for studying fouling of flat-sheet ultrafiltration
membranes. J Membr Sci 2019; 583: 59-69.

https://doi.org/10.1016/j.memsci.2019.04.048

Dobosz KM, Kuo-Leblanc CA, Bowden JW, Schiffman JD.
Robust, small diameter hydrophilic nanofibers improve the
flux of ultrafiltration membranes. Ind Eng Chem Res 2021;
60(25): 9179-9188.

https://doi.org/10.1021/acs.iecr.1c01332

Ferrer O, Casas S, Galvar C, Lucena F, Bosch A, Galofré B,
Mesa J, Jofre J, Bernat X. Direct ultrafiltration performance
and membrane integrity monitoring by microbiological
analysis. Water Res 2015; 83: 121-131.
https://doi.org/10.1016/j.watres.2015.06.039

Yang M, Loffikatouli S, Chen Y, Li T, Ma H, Mao X, Hsiao
BS. Nanostructured all-cellulose membranes for efficient
ultrafiltration of wastewater. J Membr Sci 2022; 650: 120422.
https://doi.org/10.1016/j.memsci.2022.120422

Ding H, Li N, Lu X, Guo J, Yi Y, Qiao X. A method of
ultrafiltration membrane to treatment garlic processing
wastewater. J Food Process Eng 2018; 41(8): e12933.
https://doi.org/10.1111/jfpe.12933

Zhang Y, Chung T-S. Graphene oxide membranes for
nanofiltration. Curr Opin Chem Eng 2017; 16: 9-15.
https://doi.org/10.1016/j.coche.2017.03.002

Rasool MA, Vankelecom IFJ. Preparation of full-bio-based
nanofiltration membranes. J Membr Sci 2021; 618: 118674.
https://doi.org/10.1016/j.memsci.2020.118674

Tul Muntha S, Kausar A, Siddig M. Advances in polymeric
nanofiltration membrane: A review. Polym Plast Technol Eng
2017; 56(8): 841-856.
https://doi.org/10.1080/03602559.2016.1233562

Nithya D, Beril Melbiah JS, Mohan D. Benzimidazole-based
dendritic nanofiltration membranes. Iran Polym J 2018; 27(4):
225-237.

https://doi.org/10.1007/s13726-018-0603-z

Shon HK, Phuntsho S, Chaudhary DS, Vigneswaran S, Cho
J. Nanofiltration for water and wastewater treatment - a mini
review. Drink Water Eng Sci 2013; 6(1): 47-53.
https://doi.org/10.5194/dwes-6-47-2013

Bowen WR, Welfoot JS. Modelling the performance of
membrane nanofiltration—critical assessment and model
development. Chem Eng Sci 2002; 57(7): 1121-1137.
https://doi.org/10.1016/S0009-2509(01)00413-4

Huang Y, Sun J, Wu D, Feng X. Layer-by-layer self-
assembled chitosan/PAA nanofiltration membranes. Sep
Purif Technol 2018; 207: 142-150.
https://doi.org/10.1016/j.seppur.2018.06.032

Shi GM, Feng Y, Li B, Tham HM, Lai J-Y, Chung T-S. Recent
progress of organic solvent nanofiltration membranes. Prog
Polym Sci 2021; 123: 101470.
https://doi.org/10.1016/j.progpolymsci.2021.101470

Peydayesh M. Nanofiltration membranes: Recent advances
and environmental applications. Membranes 2022; 12(5):
518.

https://doi.org/10.3390/membranes12050518

Yang G-H, Bao D-D, Zhang D-Q, Wang C, Qu L-L, Li H-T.
Removal of antibiotics from water with an all-carbon 3D
nanofiltration membrane. Nanoscale Res Lett 2018; 13(1):
146.

https://doi.org/10.1186/s11671-018-2555-9

Weng X-D, Ji Y-L, Ma R, Zhao F-Y, An Q-F, Gao C-J.
Superhydrophilic and antibacterial zwitterionic polyamide
nanofiltration membranes for antibiotics separation. J Membr
Sci 2016; 510: 122-130.
https://doi.org/10.1016/j.memsci.2016.02.070

An S-A, Lee J, Sim J, Park C-G, Lee J-S, Rho H, Park K-D,
Kim H-S, Woo YC. Evaluation of the advanced oxidation
process integrated with microfiltration for reverse osmosis to




[67]

[68]

(69]

[70]

[71]

[72]

(73]

[74]

(73]

[76]

[77]

(78]

[79]

(80]

(81]

Journal of Basic & Applied Sciences, 2023, Volume 19

treat semiconductor wastewater. Process Saf Environ Prot
2022; 162: 1057-1066.
https://doi.org/10.1016/j.psep.2022.05.010

Grote F, Frohlich H, Strube J. Integration of reverse-osmosis
unit operations in biotechnology process design. Chem Eng
Technol 2012; 35(1): 191-197.
https://doi.org/10.1002/ceat.201100182

Altaee A, Millar GJ, Zaragoza G. Integration and optimization
of pressure retarded osmosis with reverse osmosis for power
generation and high efficiency desalination. Energy 2016;
103: 110-118.

https://doi.org/10.1016/j.energy.2016.02.116

Yasukawa M, Mehdizadeh S, Sakurada T, Abo T, Kuno M,
Higa M. Power generation performance of a bench-scale
reverse electrodialysis stack using wastewater discharged
from sewage treatment and seawater reverse osmosis.
Desalination 2020; 491: 114449.
https://doi.org/10.1016/j.desal.2020.1 14449

Gil JD, Ruiz-Aguirre A, Roca L, Zaragoza G, Berenguel M.
Prediction models to analyse the performance of a
commercial-scale membrane distillation unit for desalting
brines from RO plants. Desalination 2018; 445: 15-28.
https://doi.org/10.1016/j.desal.2018.07.022

Tsuge H, Mori K. Reclamation of municipal sewage by
reverse osmosis. Desalination 1977; 23(1-3): 123-132.
https://doi.org/10.1016/S0011-9164(00)82515-1

Kurihara M. Seawater reverse osmosis desalination.
Membranes 2021; 11(4): 243.
https://doi.org/10.3390/membranes11040243

Kavitha J, Rajalakshmi M, Phani AR, Padaki M. Pretreatment
processes for seawater reverse osmosis desalination
systems—A review. J Water Process Eng 2019; 32: 100926.
https://doi.org/10.1016/j.jwpe.2019.100926

Lee KP, Arnot TC, Mattia D. A review of reverse osmosis
membrane materials for desalination—Development to date
and future potential. J Membr Sci 2011; 370(1): 1-22.
https://doi.org/10.1016/j.memsci.2010.12.036

Mei Y, Li H, Xia H. On the cleaning procedure of reverse
osmosis membrane fouled by steel wastewater. Korean J
Chem Eng 2016; 33(9): 2668-2673.
https://doi.org/10.1007/s11814-016-0120-8

Zhang Z, Wu Y, Luo L, Li G, Li Y, Hu H. Application of disk
tube reverse osmosis in wastewater treatment: A review. Sci
Total Environ 2021; 792: 148291.
https://doi.org/10.1016/j.scitotenv.2021.148291

Kaya Y, Dayanir S. Application of nanofiltration and reverse
osmosis for treatment and reuse of laundry wastewater. J
Environ Health Sci Engineer 2020; 18(2): 699-709.
https://doi.org/10.1007/s40201-020-00496-7

Skuse C, Gallego-Schmid A, Azapagic A, Gorgojo P. Can
emerging membrane-based desalination technologies
replace reverse osmosis? Desalination 2021; 500: 114844.
https://doi.org/10.1016/j.desal.2020.114844

Voutchkov N. Considerations for selection of seawater
filtration pretreatment system. Desalination 2010; 261(3):
354-364.

https://doi.org/10.1016/j.desal.2010.07.002

Ma J, Liu W. Effectiveness of ferrate (VI) preoxidation in
enhancing the coagulation of surface waters. Water Res
2002; 36(20): 4959-4962.
https://doi.org/10.1016/S0043-1354(02)00224-5

Al-Ahmad M, Abdul Aleem FA, Mutiri A, Ubaisy A. Biofuoling
in RO membrane systems Part 1: Fundamentals and control.
Desalination 2000; 132(1-3): 173-179.
https://doi.org/10.1016/S0011-9164(00)00146-6

96

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

1]

[92]

(93]

[94]

Ahmad AL, Mariadas A. Baffled microfiltration membrane
and its fouling control for feed water of desalination.
Desalination 2004; 168: 223-230.
https://doi.org/10.1016/j.desal.2004.07.002

Taniguchi M, Kilduff JE, Belfort G. Low fouling synthetic
membranes by UV-assisted graft polymerization: monomer
selection to mitigate fouling by natural organic matter. J
Membr Sci 2003; 222(1-2): 59-70.
https://doi.org/10.1016/S0376-7388(03)00192-3

Bian R, Yamamoto K, Watanabe Y. The effect of shear rate
on controlling the concentration polarization and membrane
fouling. Desalination 2000; 131(1-3): 225-236.
https://doi.org/10.1016/S0011-9164(00)90021-3

Li H,L Wu S, Du C, Zhong Y, Yang C. Preparation,
performances, and mechanisms of microbial flocculants for
wastewater treatment. Int J Environ Res Public Health 2020;
17(4): 1360.

https://doi.org/10.3390/ijerph 17041360

Katsoufidou K, Yiantsios SG, Karabelas AJ. An experimental
study of UF membrane fouling by humic acid and sodium
alginate solutions: the effect of backwashing on flux
recovery. Desalination 2008; 220(1-3): 214-227.
https://doi.org/10.1016/j.desal.2007.02.038

Schéfer Al, Fane AG, Waite TD. Fouling effects on rejection
in the membrane filtration of natural waters. Desalination
2000; 131(1-3): 215-224.
https://doi.org/10.1016/S0011-9164(00)90020-1

Schéfer Al, Fane AG, Waite TD. Cost factors and chemical
pretreatment effects in the membrane filtration of waters
containing natural organic matter. Water Res 2001; 35(6):
1509-1517.

https://doi.org/10.1016/S0043-1354(00)00418-8

Schéafer Al, Richards BS. Testing of a hybrid membrane
system for groundwater desalination in an Australian national
park. Desalination 2005; 183(1-3): 55-62.
https://doi.org/10.1016/j.desal.2005.05.007

Schéfer Al, Schwicker U, Fischer MM, Fane AG, Waite TD.
Microfiltration of colloids and natural organic matter. J Membr
Sci 2000; 171(2): 151-172.
https://doi.org/10.1016/S0376-7388(99)00286-0

Ogunbiyi OO, Miles NJ, Hilal N. Comparison of different pitch
lengths on static promoters for flux enhancement in tubular
ceramic membrane. Sep Sci Technol 2007; 42(9): 1945-
1963.

https://doi.org/10.1080/01496390701401576

Bortoluzzi AC, Faitdo JA, Di Luccio M, Dallago RM, Steffens
J, Zabot GL, Tres MV. Dairy wastewater treatment using
integrated membrane systems. J Environ Chem Eng 2017;
5(5): 4819-4827.

https://doi.org/10.1016/j.jece.2017.09.018

Lee S-J, Dilaver M, Park P-K, Kim J-H. Comparative analysis
of fouling characteristics of ceramic and polymeric
microfiltration membranes using filtration models. J Membr
Sci 2013; 432: 97-105.
https://doi.org/10.1016/j.memsci.2013.01.013

Park S, Kang J-S, Lee JJ, Vo T-K-Q, Kim H-S. Application of
physical and chemical enhanced backwashing to reduce
membrane fouling in the water treatment process using
ceramic membranes. Membranes 2018; 8(4): 110.
https://doi.org/10.3390/membranes8040110




