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Abstract

Introduction

In recent years, the massive issue of water scarcity led to
researchers’ focus on the furtherance of the desalination process.
The origin of desalination belongs to ancient Greece, where
Aristotle and other intellectuals performed distillation and
filtration using soil deposits [1]. Aristotle observed in his Metrology
that “saltwater, when evaporates, becomes sweet and when it
condenses again salt water is not formed [1]. Evaporation-based
desalination was introduced a long time ago and was commonly
used before the Second World War. The United States found the
saltwater office in the Department of the Interior in 1952, which
was later merged in 1974 with the water resource research office.
Desalination was developed at a large extension during the latter
half of the 20" century and continuously improving to date. The
foremost commercial desalination plant was built in the United
States at Freeport, Texas, in 1961, which produced 1 million gallons
per day of clean water with an infrastructure cost of $1.2 million

[2].

In today’s world water scarcity is a curse for humanity which can even be leading us to extension in future. Desalination is one
of the solutions to nullify this problem up to some extent which is now-a-days a growing trend. Desalination professionally was
implemented in the 1960’s with its first official plant in Freeport, Texas. Since then, much advancement was made in desalination.
According to the recent market condition reverse osmosis is the known process for desalination. But lately, pervaporation has
also grabbed attention owning to its characteristics of removal not only salt but also metal ions. Majorly, reverse osmosis employs
cellulose acetate and polyvinylidene fluoride for membrane material. The gulf countries top the desalination market with 55% of
global water desalination plants in world. Currently, the dependent world population for daily needs on desalinated water is 0.1%.
Countries like Saudi Arabia, Kuwait, Iraq uses 100% desalinated water for their daily needs. As there are advantages there are some
flaws too like hot brine management is the biggest problem faced by desalination today.
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Later, in the late 1970’s reverse osmosis overtook thermal
techniques like Multi Flash Distillation. The exceptional mechanical
and chemical stability along with the low price of RO membranes,
making them favourable for industrial level use. Therefore, much
research was carried out with the RO membrane to increase its
permeability, which led to a decrease in the cost of production
about 10 times since 1978. The maximization of flux permeated
through membrane and energy recovery resulted in a reduction of
energy consumption, therefore, making RO membranes preferable
in terms of cost-cutting also [3] (Table 1).

Desalination rapidly increased worldwide from 1945 with 326
m3/d to 1980 with 50, 00,000 m?/day in 1980 and to moreover
in 2004 it reached 35,000,000 m?/day. In 2008, 52,333,950 m?®/d
was the entire daily capacity, from approximately 14,000 plants
functioning globally. Later, 67,000,000 m3/d was the whole capacity
in 2011, but concerning 2012, from an extraordinary 16000 plants
it was adjudged at approximately 79,000,000 m3/d [1]. The gulf
countries top with a leading number of Desalination plants.
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Table 1: Cumulative Capacity of Various Desalination Process.

Year Cumulative Capacity (million m3/day)
Reverse Osmosis (RO) Thermal Desalination Others (NF, ED, etc.) Total Desalination

1965 1 - 1
1970 1.1 - 1.1
1975 2 - 2
1980 1 4 - 5
1985 2.5 7 - 10
1990 5 9 1 15
1995 8 10 1.5 18
2000 11 11 2 24
2005 20 14 3 35
2010 30 20 5 45

Desalination is fundamentally classified into two disparate
methods known as Multi-Stage Flash Distillation and Membrane
Filtration, amid MSF is a thermal process in which we tend to seethe
the water and then cool the vapour down to detach the salt. Despite
that, in the membrane filtration, a reticulated structure is employed
called a membrane through which water is swept with pressure
beyond the reverse osmosis pressure which refines the water.
Desalinated water can be utilized in tremendous applications such
as human consumption, irrigation, marine applications like ships
and submarines. A massive part of desalinated water focuses on
economic the provision of potable water for human consumption
along with conventional reserves.

Reverse osmosis membranes

Today, Thin Film Composite (TFC) polyamide membranes are
leaders in the field of reverse osmosis which consist mainly of three
films: a polyester band that acts as a structural reinforcement (120-
150pum), a micro-intermediate porous film (about 40um) and an
ultra-thin barrier (0.2um) [4].

Fluoro-graphite modified PVDF membranes

Recently it is distinguished that the surface hydrophobicity
influences membrane distillation of seawater. Recognizing
this, Zhao et al, synthesized fluorographite which is extremely
hydrophobic microcrystalline powder utilized in lubricants and
lithium batteries with Polyvinylidene Fluoride. The hydrophobicity
expands with an increase in fluorine content in fluoro graphite
was analysed [5]. The hydrophobicity of the PVDF membrane
by dispersing fluoro graphite particles employing the filtration
method was built, these particles randomly adhere the surface via
hydrophobic-hydrophobic forces concluded membrane surface
with enhanced roughness. The dry-jet-spinning process was
employed to forge a single-bore hollow fibre PVDF membrane
and by liquefying fluoro graphite powder with a concentration of
0.01lmg/ml in hexane forms a blanketing solution [5]. The SEM
analysis revealed presence of sieves which function as the outer
surface morphology prior to succeeding fluorographite blanketing.
The volume of filtration solution is increased by unsystematically
allocated fluorographite particles and an expansion in a number

of particles. It was analysed that mechanical properties like tensile
stress is increased with an increase in fluorine content. This led to
the modification of PVDF membranes with rising in anti-wetting
properties and surface hydrophobicity.

Graphene oxide-cellulose acetate nanocomposite
membrane

Graphene oxide (GO)/Cellulose acetate (CA)/ nanocomposite
membranes are manufactured with the sight of enhancing
mechanical and thermal stability. Thin-film composite (TFC)
consisting of two or further films accommodating asymmetric
cellulose variation are mostly employed in business whose major
disadvantage compared to CA membrane is low chlorine tolerance,
low availability [3]. However, CA membranes still can’t compete
with the TFC membrane in case of mechanical robustness, thermal
soundness, salt abandonment and permeability [6]. Recently, a
significant potential is manifested an atomic sheet of discarded
graphene oxide to empower RO membrane implementation,
owning to its inflated mechanical robustness, surface area and
hydrophilicity [7]. Oxygenated functional groups of GO such as
carboxyl, epoxide and hydroxyl groups are used for finer dispersion
of GO in a variety of polymers [8]. Phase inversion method was
employed to assemble GO/CA membrane [9]. Ghaseminezhad et
al. [9] analysed using field emission scanning electron microscopy
the porosity structure and morphology of membrane accompanied
by a functional group of the membrane with or without GO were
appreciated [9]. According to the seawater range of osmotic
pressure and saline concentration, water with 25000 ppm of
salt was passed through a lab-scale reverse osmosis setup with a
membrane diameter of 5cm and pressure of 5-35 bars. Compared to
pristine CA membrane porosity structure of membrane was altered
by Inclusion of GO appraised CA matrix to sponge-like from finger-
like with amplification in surface roughness. From the analysis,
it was concluded that the addition of GO up to 1wt% amplifies
membrane properties, which when increases further result in a
negative effect. The combination of the CA membrane with 1wt%
of GO increases salt rejection up to 90% and flux decreases up to
30% [9]. The removal of Na+ ion can be spotted as 99.99%, 100%,
100%, respectively, while the abandonment of Ca?* and Mg®* ions

Citation: Hemangi K, Shubham ], Saurabh N, Sagar C, Balasubramanian K. Sustainable Desalination of Seawater via Reverse Osmosis
using Polymeric Membranes. ] Biosens & Renew Sci 1(2)- 2020. JBRS.MS.ID.000108. DOI: 10.32474/]BRS.2020.01.000108

N


http://dx.doi.org/10.32474/JBRS.2020.01.000108


J Biosens & Renew Sci

Volume 1 - Issue 2

Copyrights @ Balasubramanian K, et al.

are inevitably 100% in all recurring experiments. 97.1%, 97.64%,
97.23% are dismissal of K* ion and for Cl" ion are 96.54%, 96.77%,
97.14%, respectively.

ECR-1 a zeolite membrane based on silica fume

Silica fume is a waste material from the fusion process when
ferrosilicon and silicon alloys are produced which have a scandalous
pozzolanic activity due to their maximum fineness; they also have
the ability to respond with prolonged calcium hydroxide while
hydrating cement. The consolidated zeolite comprising strongly
alternating mordenite and mazzite layers forms an ECR-1 zeolite
accompanied by 3.5-4.5 as a Si / Al molar ratio. Yao Jun Zhang et

Challenges Faced by Reverse Osmosis

PVDF, control Fil10

Outer Surface (0S)

“Outer Surface {03)

Outer Surface
Cross-Section (05-CS)

1pm

al. [10] proposed a seed-induced synthesis. For the ECR-1 zeolite
membrane consisting of SF and MK geopolymers activated with
alkali for polycondensation, accompanied by this hydrothermal
crystallization assisted by amorphous geopolymer seeds [10].
This perspective leads to two extraordinary supremacies, one is
an organic model unleashed to avoid surrounding contamination
and the model’s expulsion agents, and the other is the valuable use
of large-scale commercial waste for the green synthesis of ECR a
zeolite membrane -1. Yao Jun Thang et al. [10]has passed a hybrid
ion K*, Na*, Ca®, Mg* and CI- of its CaCl,, NaCl, MgCl,.6H,0 and KCI
chlorides at room temperature with downstream pressure of 0.05
~ 0.08 MPa and pressure upstream of the atmospheric condition.
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Figure 1: Various Volumes of the Fluor graphite Solution by FESEM results of the Cross-Section and Outside Surfaces prior to

and succeeding the Filtration [5].

Sheikholeslami recently assumed that the dispute from now
on with desalination production includes process improvement,
feed water energy, material improvement, renewable energy
source, brine management and a strict standard of water [11].
Immediately, Ashkelon, in Israel, is the largest plant in the world
that works with reverse osmosis with a production rate of around
110 million m3 / year. In general, the average water consumption
per capita of 1243 m®/ year all over the world (85% for agricultural
floods, 5% for domestic use and 10% for commercial use) [12].
This plant can provide a small population of 100,000 people with
fresh water. Therefore, monstrous desalination plants should be
encouraged if we want to allocate new supplies of pure water to
billions of people. In this framework, poor countries should have
access to RO desalination. Investments, funds and operational
expenses impossible for RO plants should be reduced. About 87%
of all RO expenses consist of chemical composition and labour

[3]. The occurrence of the optimization of the module and of the
membrane material can provide the exhaustion of three wires.
Furthermore, low molecular weight compounds, boron species,
have brought about a considerable improvement. It is reported
that 99% of boron rejection is crucial in the Middle East region
so that the one-step RO procedure meets the WHO standard
for drinking water, but the optimal membrane provides only
93% of the waste of boron. Furthermore, high salt depletion can
feasibly reduce the RO steps needed to achieve the water quality
of the applicable product. The improvement of chlorine-tolerant
membranes causes the exhaustion of the scale, which reduces the
costs of replacing the membrane, energy to gain further osmotic
pressure and backwashing chemicals. While the operating
pressure in contemporary systems is so close but so far from the
thermodynamic limit and a further reduction would have a limited
impact on performance [13], the reduction in energy consumption
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would be substantial, since energy expenditure represents half of
the total expenditure for water production. Furthermore, greater
permeability would lead to a decrease in the membrane area and
inevitably to a reduction in membrane replacement costs, a reduced
implant footprint and a reduced use of chemical purifiers [3].
Escorted by these, the transcendental problem with desalination is
the manipulation of hot brine, which is a by-product of desalination;
this hot brine cannot be taken into the sea without care. As seen
above, the massive desalination plants emit an enormous amount
of brine every day; this brine must be managed properly as it can
destroy marine life if carelessly handled (Figure 1).

Market Survey Analysis
Market survey of desalination of seawater

Accordingtothe surveyover global countriesversusdesalination
capacity, the existence of countries such as Saudi Arabia, the United
Arab Emirates and Kuwait among others depends deliberately on
seawater desalination to quench their thirst for freshwater. Middle
East Asia leads and governs the global desalination market with
almost 55% of the global water desalination plants available in this
territory. The merged desalination capacity of all the above three
country crosses 20 Mn m? of water per day, which is approaching
double the global capacity [14] (Table 2).

Table 2: Desalination Capacity for Top 10 Countries in Terms of Installed Capacities (2008).

Countries Desalination Capacity (m?/Day) *10°
Saudi Arabia 110
UAE 83
USA 79
Spain 50
Kuwait 25
Algeria 23
China 19
Qatar 17
Japan 14
Australia 10

Above data is according to a 2008 survey, after that between 2011 -2016 another survey manages according to that leading four

countries and their capacities are specified in the beneath table (Table 3):

Table 3: Leading Four Countries and Their Capacities.

Countries Capacity (m*/day) *10°
Saudi Arabia 350
UAE 250
Kuwait 100
Algeria 80

Market survey of desalination method
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Figure 2: Various Results of the test performed by Yao Jun Zhang et al. [10].
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Reverse osmosis and thermal processes such as multi-stage
flash (MSF) and multi-effect distillation (MED) are mass frequently
used desalination technologies. According to the International
Desalination Association, the supreme process for desalination
with regard to installed capacity and annual flourishing is
reverse osmosis (Figure 2). As per the survey conducted in 2015,
regarding installed capacity and annual growth reverse osmosis is
foremost. Also, in terms of energy cost, reverse osmosis is one of
the economical methods amid all methods. Comparison of Energy
cost vs. desalination methods designated beneath. Due to this
justification, Reverse osmosis is the most used method behind its
thermal processes such as MSF and MED chiefly used [15].

Market survey of reverse osmosis membrane for
desalination of seawater

A thin-film composite membrane is used in reverse osmosis is
embraced the thin scented polyamide film. This polyamide film gives

Fresh Water

the membrane its transport characteristics, while the remains of
thin-film composite membranes assign mechanical reinforcements.
The polyamide film is a turbid and arid polymer with a high surface
that allows its high-water permeability.

Figure 3 shows the decoupling powers of the membrane and
the separation processes of the pressure membrane and of the
integrators used in water treatment, ultra-filtration, nanofiltration
and microfiltration. While ultra-filtration (UF) and microfiltration
(MF) membranes are used to confiscate bacteria (MF / UF), fine
colloidal particles (MF / UF), larger molecules (UF) such as proteins
and viruses (UF), plus Small compounds such as dissolved salts are
removed by reverse osmosis and nanofiltration. Nanofiltration and
practically all compounds dissolved in water are removed by reverse
osmosis are discarded molecules with a molecular weight greater
than 200 g/mol. The United States UU Environmental Protection
Agency [16]. Indicates RO as the best technology for eliminating
harmful compounds such as barium, arsenic and nitrate.

—p
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——
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RO Treatment
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Figure 3: Brine Management.

Future Prospective
The fabrication of slits instead of pores in membrane

The holes in membranes can model the membrane weak by
truncating its strength as high stresses are evolved around holes
and this can escort to the destruction of the membrane due to the
high pressure of water. The stress induced in membrane due to
holes can be given by following equations:

000 =22 (1 - (4 - 22 (1+3(L ) cos 20 M
2 r 2 ry

Atr=a, all the a/r terms equal zero, therefore

0060 = oo(1-2c0s26) (2)

Pellets discharge for
disposal or reuse

SRR,

—r-
<t

Fine Filteration
Removing residual TSS
from the brine steam

ﬂ Brine Reject

<

Where, 060 is the hoop stress, oo is the uniaxial tension and 6
is the loading direction [17].

These slits can provide improved permeability, selectivity, and
controllability in the desalination process. As discussed previously,
depletion in the membrane area will result due to towering
permeability, and inevitably a depletion in membrane substitution
price, a minute plant footprint and lessen use of purifying chemicals
[3]. Therefore, instead of holes, slits can be used as shown in
(Figures 4-7) which will guide smooth transit of flow and will
work as a non-return valve for the membrane. These slits can be
manufactured in any shape and size with simple manufacturing
techniques like lasers.
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0.12

0.08

0.06

MEMBRANE SIZE

0.04

0.02

0
RO membrane Nanofiltration Ultrafiltration Filtration

DESALINATION MEMBRANE

Figure 5: Graph of Desalination Membrane vs. Membrane
Size.

Figure 7: Membrane having Cross Shaped Slits.

The PVDF membrane with Keratin (Human Hair fibre)

PVDF is a remarkable plastic used in the use that requires
maximum purity, in addition to resistance to solvents, acids and
hydrocarbons. PVDF has a truncated density (1.78 g/cm?) balanced
with other fluoropolymers, such as polytetrafluoroethylene
(Teflon). PVDF can be combined with the human hair fibre, which is
hydrophilic and contains keratin in many quantities, which in turn
has an affinity with soaps, i.e. fatty acids such as capric, caprylic,
myristic, lauric, myristoleic, palmitoleic, palmitic acid, stearic,
linoleic, oleic and linolenic. Since keratin has a characteristic to
absorb, it can be used as an additive for membranes. It can also
furtherincrease theresistance of the membrane. The hairisaprotein
filament that grows from the follicles present in the dermis. It has
been analysed that KAP 10, KAP 5, KAP 12 and KAP 17.1 transpire
in the enormous proportion of the human hair cuticle, while KAP
19.2, KAP 19.1, KAP 9, KAP 7, KAP4, KAP 3, KAP 2 and KAP 1 in
bark with the highest amounts. Metals such as Cu and Zn have been
verified to exist in human hair with little data on Fe, Ca and other
metals. The group studied that the Ca affinity for carboxylic acid
and suffocate groups is greater than Cu, furthermore the scientists
analysed the Cu (II) propensity to the union with primary amino
groups Cu (I) and {NH,} has an affinity inflated by the thiol groups
{SH}. Soaps do not form when Cu and Zn react with lipids in the hair.
Carboxylic acids and sulfonic acids in hair have a greater affinity
with Ca, but carboxylic acids form “soaps” when they react with
Cu, but the presence of Ca decreases their degree [17]. The tensile
properties of capillary fibres at 100% relative humidity compared
to 55-65% relative humidity (in water) show a lower extensibility
at low humidity and a higher elastic modulus and higher work and
resistance values in general. Changes in human resources have
an effect similar to the dynamic elastic modulus of human hair.
Water, wool and hair with a virtually identical quantitative union
depending on human resources. Therefore, a similar stress / strain
ratio of HR was concluded [17].

Conclusion

To conclude, this work illustrates a review of various
desalination processes and modern techniques towards the design
of desalination membranes. Moreover, the authors of this paper
propose a new combination of several materials for membrane
fabrication. By examining various processes, reverse o0smosis
and thermal processes such as Multi-stage flash and multi-effect
distillation are the frequently used desalination technologies.
According to the International Desalination Association, in terms
of installed capacity and yearly growth, the leading process for
desalination is reverse osmosis. However, the new approach
concerns the fabrication of Slits Instead of Pores in the membrane.
This proposed work has the potential to give great permeability,
selectivity, and controllability in the desalination performance. It
reveals that a slit membrane can accomplish a water permeability
rate 3.5 times larger while still maintaining perfect salt rejection.
Another proposal is a combination of PVDF membrane with Keratin
(Human Hair fibre) in which PVDF can be consolidated with human
hair fibre which is hydrophilic and contains keratin in sufficient
amount which in turn has an affinity towards soaps. As keratin has
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a property to absorb, it can be used for membrane additive. It can
even additionally increase the strength of the membrane. However,
advancements are still possible in many regions including pre-
treatment, integration with renewable energy, brine management,
and development of membranes targeting chlorine resistance,
fouling, and specific contaminants.
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