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Abstract

Water contamination by heavy metals, cyanides and dyes is increasing globally and
needs to be addressed as this will lead to water scarcity as well as water quality. Different
techniques have been used to clean and renew water for human consumption and agri-
cultural purposes but they each have limitations. Among those techniques, membrane
technology is promising to solve the issues. Nanotechnology present a great potential in
wastewater treatment to improve treatment efficiency of wastewater treatment plants. In
addition, nanotechnology supplement water supply through safe use of modern water
sources. This chapter reviews recent development in membrane technology for wastewa-
ter treatment. Different types of membrane technologies, their properties, mechanisms
advantages, limitations and promising solutions have been discussed.

Keywords: wastewater, membrane technology, nanofiltration, forward osmosis,
ultrafiltration, reverse osmosis

1. Introduction

Clean water is important for every living organism to withstand life, but due to rapid increase
in growth population and industrialization, there is more demand for clean, safe and drink-
able water [1]. About 97% of water is stored in oceans as salty water which is not good for
human consumption or agricultural use, only less than 3% water on planet is available for
drinking and agricultural use [2]. Most available water is highly contaminated by effluent
from agricultural and industrial activity and cannot be consumed therefore water quality and
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quantity are the main problems that need to be solved [3]. Removal of contaminants/water pol-
lutants is required as to avoid negative effects on the environment as well as human health [4].

Several techniques have been developed for treatment of wastewater; such methods
include reverse osmosis [5] ion exchange [6] gravity [7] and adsorption [8] among others.
Adsorption has been widely used to remove water contaminants due to its low cost, avail-
able of different adsorbents and easy operation. Different adsorbents that have been used
include use of magnetic nanoparticles [9] activated carbon [10], nanotubes [11] and poly-
mer nanocomposites [12]; these can remove different contaminants including heavy metals
that are very harmful even at low concentrations. Even though adsorption can remove most
of water pollutants, it has some limitations such as lack of appropriate adsorbents with
high adsorption capacity and low use of these adsorbents commercially [13]. Hence there
has been a need for more efficient techniques such as membrane technology. Membrane
separation or treatment process mainly depends on three basic principles, namely adsorp-
tion, sieving and electrostatic phenomenon [14]. The adsorption mechanism in the mem-
brane separation process is based on the hydrophobic interactions of the membrane and
the solute (analyte). These interactions normally lead to more rejection because it causes
a decrease in the pore size of the membrane [15]. The separation of materials through the
membrane depends on pore and molecule size [16]. For this reason, various membrane pro-
cesses with different separation mechanisms have been developed. These include micro-
filtration (MF), ultrafiltration (UF), nanofiltration (NF), forward osmosis (FO) and reverse
osmosis (RO).

Therefore the aim of this chapter is review different membrane technology processes used for
treatment of wastewater in the last 5 years (2014-2018). The advantages, challenges/limita-
tions associated with the use of each membrane technology and possible solutions are also
discussed briefly.

2. Challenges

Membrane processes such as MF, NF, UF and RO are currently used for water reuse, brack-
ish water and seawater [17]. Polymer based membranes are mostly used membrane mate-
rial but because polymers such as polysulfone and polyethersulfone, are hydrophobic [18],
polymeric membranes are prone to fouling [19]. This leads to blockage of membrane pores
and decrease membrane performance [20], also increases operation cost by demanding extra
cleaning process. There are factors causing membrane fouling, such as deposition of inor-
ganic components onto the surface membrane/solute absorption pore blocking, microorgan-
ism and feed chemistry [21]. This results to either reversible or irreversible membrane fouling
[22]. Reversible fouling formed by attachment of particles on the membrane surface, irre-
versible which occurs when particles strongly attach the membrane surface and cannot be
removed by physical cleaning. When there is a formation of strong matrix of the fouled layer
with the solute during continuous filtration process will turn reversible fouling to irrevers-
ible fouling layer [23].
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3. Promising solutions

For polymeric membranes, surface modification of the polymer is essential; such surface
modification includes grafting, blending and incorporation of nanomaterials such as TiO,
[24]), ZnO [25], AL O, [26], carbon nanotubes [27] and graphene oxide [28]. Among these,
graphene oxide membranes (GMs) are very promising in water treatment application such
as desalination and wastewater treatment, due to their hydrophilic properties, flexibility and
high mechanical strength; GMs have been reported to give wide range of pure water flux
[28-32].

4. Membrane processes

4.1. Microfiltration (MF)

Microfiltration is a pressure driven process where separated compounds are 0.1-0.2 um such
as nanoparticles [33, 34]. It is regarded as the first pre-treatment of NF and RO membrane
processes. MF removes little or no organic matter; however, when pre-treatment is applied,
increased removal of organic material can occur. MF can be used as a pre-treatment to RO or
NF to reduce fouling potential [35]. The main disadvantages of MF is that it cannot eliminate
contaminants (dissolved solids) that are <1 mm in size. In addition, MF is not an absolute bar-
rier to viruses. However, when used in combination with disinfection, MF appears to control
these microorganisms in water [35].

4.2, Ultrafiltration (UF)

Ultrafiltration membrane process can separate compounds between 0.005 = 10 um which is
between MF and RO [36]. UF membranes are highly prominent water filters with low energy
consumption in removal of pathogenic microorganisms, macromolecules and suspended
maters among others [37]. However, UF has some limitations including its inability to remove
any dissolved inorganic substances from water and regular cleaning to maintain high pressure
water flow [38]. Mocanu and others developed a synthetic procedure for hybrid ultrafiltration
membrane for water treatment. They used wet-phase inversion method with polysulfone and
graphene nanoplatelets modified with poly (styrene) to obtain their membranes. ZnO was
deposited on one surface of the membrane with polymers that are soluble in water [39]. In
the study reported by Igbinigun and others, the modified GO-membrane showed 2.6 times
better flux recovery compared to the unmodified membrane and this shows that it is wise to
modify membrane with GO to increase flux recovery. They used a simple method known as
UV induced amination which has high flux UF membrane found to be resistant to organic
fouling, and the resulting membrane can be applied in waste water treatment application.
Incorporating hydrophilic materials onto the surface of these polymers will lead to more
hydrophilic surface membrane [40].
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4.3. Nanofiltration (NF)

NF is capable of removing ions that contribute significantly to the osmotic pressure hence
allows operation pressures that are lower than those RO. For NF to be effective pre-treat-
ment is needed for some heavily polluted waters; Membranes are sensitive to free chlorine.
Soluble elements cannot be separated from water [41]. In the study reported by Yang and
co-workers, PMIA/GO composite nanofiltration membranes were used for water treatment.
The prepared composite membrane had greater hydrophilic surface which gave rise to high
pure water flux compared to that of the pure polymer (PMIA). The results obtained showed
high dye rejection and enhanced fouling resistance to bovine serum albumin (BSA) [42]. Xu
and others reported NF membrane for textile wastewater treatment, the prepared mem-
brane displayed good removal of heavy metal ions, common salts and dyes, showing high
removal efficiency toward metal ions and cationic dyes [43]. Lin and others reported nanofil-
tration membranes for dye (Congo red and direct red) and salt rejection, the results showed
high dye rejection and low salt rejection which shows the possibility of the salt reuse in FO.

4.4. Forward osmosis (FO)

FO is a natural occurrence where the solvent moves from a region of lower concentration to
the region of higher concentration across a permeable membrane [44]. This method is found
to be highly efficient with low rate production of brine and is well studied as it promise to
solve water problems worldwide, however regeneration of the draw solution is highly expen-
sive for desalination processes hence the use of nanofiltration or reverse osmosis for regenera-
tion of draw solution [45].

4.5. Reverse osmosis (RO)

RO is pressure driven technique used to remove dissolved solids and smaller particles; RO
is only permeable to water molecules. The applied pressure on RO must be enough so that
water can be able to overcome the osmotic pressure. The pore structure of RO membranes is
much tighter than UF, they convert hard water to soft water, and they are practically capa-
ble of removing all particles, bacteria and organics, it requires less maintenance [46]. Some
disadvantages include the use of high pressure, RO membranes are expensive compared to
other membrane processes and are also prone to fouling. In some cases, high level of pre-
treatment is required [47]. RO has extremely small pores and able to remove particles smaller
than 0.1 nm [48]. Huang and others, reported RO membranes coated with azide functional-
ized graphene oxide hence created smooth, antibacterial and hydrophilic membrane, which
removed Escherichia coli and reduced BSA fouling [49].

5. Application of membrane technology for wastewater treatment

Zinadini and his group used zinc oxide nanoparticles to coat multiwalled carbon nanotubes
(MWCNTs) which were later blended in polyethersulfone (PES) membrane. Incorporation
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of ZnO coated MWCNTs increased pure water flux due to the hydrophilic properties added.
The results showed increase in antifouling properties as well as decrease in surface roughness
brought by the embedded nanoparticle. ZnO/MWCNTs composite membrane showed greater
dye removal compared to pure PES membrane [50]. Polymeric membranes in water treat-
ment can reject up to 98% Cd ions through asymmetric polysulfone membrane [51]. Hybrid
membranes are also used in removal of water contaminants as they introduce adsorptive
capability, photocatalytic and antibacterial capabilities. This will lead to improved water flux
and rejection value [52]. Aromatic polyamide is among other polymers that have been used
in membrane industries. High pressure membrane includes tight UF, NF and RO, these are
operated at high transmembrane pressure (>200 kPa) and low pressure membrane includes
lose UF and MF. Usually fouling turn to occur when transmembrane increases, as to maintain
flux or when there is decrease in flux [53].

Qiu and others have reported the use of hybrid microfiltration-osmosis membrane bioreactor
to remove nitrogen and organic matter in municipal wastewater. Results showed decrease in
fouling and reduced bacteria deposition [54]. In the study reported by Ochando-Pulido and
others in olive mill wastewater and the rejection efficiency was 99.1% [55]. Microfiltration
membrane has been applied in domestic wastewater and the amount percentage recovery
of phosphorus was found to be 98.7% [56]. Combination of UF/NF/RO have been used in
rendering plant wastewater (RPW) and the rand filtration was used as an effective pre-treat-
ment for UF hence lowering membrane fouling [57]. Another form of membrane called mem-
brane with a molecular weight cut-off (MWCO) was used to treat municipal and industrial
wastewater, the obtained results showed complete resistance to irreversible fouling and high
dye rejection [58]. UF and NF membranes have been used for waste stream purification also
known as backwash water, which is obtained by washing filtration beds from swimming pool
water system [59] (Table 1).

Matrix/pollutants Membrane type Performance References
Qily water MF 90.2% removal of organic additives [60]
Olive mill wastewater RO COD rejection 97.5-99.1% and [55]

24-32 L h™ m™ permeate flux

Domestic wastewater MF >97% removal of total nitrogen and total [56]
phosphorus

Nitrogen and phosphorusin  FO and MF 86-99% removal efficiency for nitrogen  [61]
microalgae 100% for phosphorus

Chlorophenol RO Improved unit performance [62]
Municipal and industrial membranes with a membranes showed complete resistance [58]
wastewater streams molecular weight cut-off to irreversible fouling and high

(MWCO) rejections of dyes

Table 1. Membrane applications.
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6. Conclusions

This review provides detailed information about the current applications (2014-2018) of the
membrane technology for treatment of wastewater. Generally, literature proved that different
membrane technologies can be used to treat efficiently wastewaters from different activities.
However, membrane fouling and membranes sensitivity to toxicity are the main limitations
of the membrane technology. For this reason, Researchers has developed number of ways
to overcome membrane technology. These ways include the incorporation of nanomaterials
such as graphene oxide and nanometer sized metal oxides (zinc oxide), among others. In
overall it can be concluded that membrane technology has been found to be a very promising
method for wastewater treatment.
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