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Abstract

Water is an essential resource for life on Earth and therefore, securing adequate freshwater for all life and human activities is a
premier and precondition aspect to achieve sustainable development. Many countries face water scarcity as a fundamental
challenge to their economic and social development. Water use has been growing at more than twice the rate of population
increase in the last century. Hence, proper water management and also desalination of water, in some countries, is necessary to
meet the needs of water required. A desalination process essentially separates salts from saline water and makes the water usable.
The two major types of technologies that are used around the world for desalination are either thermal or membrane technology.
Both technologies need energy to operate and produce fresh water. The most widely used technique or process is Reverse
osmosis (RO) membrane technology. But this method has some limitations. This paper aims at highlighting the drawbacks of the
RO purification system and giving an alternative to that system. Nanoporous graphene is the proposed alternative to the present
membranes used in the RO technology. Hence, this paper gives a comparison of the conventional RO membrane technology and
the new innovative nanoporous graphene technology.

Keywords: Reverse osmosis, Nanoporous Graphene, Desalination

I. INTRODUCTION

Water is an essential resource for life on Earth and therefore, securing adequate freshwater for all life and human activities is a
premier and precondition aspect to achieve sustainable development. Humans rely on finite supplies of freshwater to stay alive.
Unfortunately, although water may cover more than 70% of the Earth's surface, 98% of that is saline water and out of the 2% of
fresh water, 90% of it is frozen in glaciers. Many countries face water scarcity as a fundamental challenge to their economic and
social development. Water use has been growing at more than twice the rate of population increase in the last century. It is also
predicted that by 2030, over one third of the world population, concentrated in developing countries, will be living in river basins
that will have to cope with significant water stress. Therefore, it is necessary to search for technologies that can convert non-
conventional water sources into fresh water. Seawater is one such abundant source which can be reached by most of the
countries in the world. In order to utilize seawater as potable water, it is required to remove the high salinity. Desalination
technologies are intended for the removal of dissolved salts that cannot be removed by conventional treatment processes.

The two major types of technologies that are used around the world for desalination of seawater can be broadly classified as
either thermal or membrane. Both technologies need energy to operate and produce fresh water. Within those two broad types,
there are sub-categories (processes) using different techniques. Out of all the processes the most widely used technique or
process is Reverse osmosis (RO) membrane technology. The RO process uses pressure as the driving force to push saline water
through a semi-permeable membrane into a product water stream and a concentrated brine stream. The first reverse osmosis
(RO) water treatment plant was constructed in 1970s in Florida. Significant advances in membrane materials and technologies in
the last three decades have greatly improved the cost effectiveness and performance capabilities of the processes. RO membrane
processes are increasingly used worldwide to solve a variety of water treatment problems. However, there are some limitations to
this process.

Highlights of the paper include pointing out the drawbacks of the RO purification system and giving an alternative to that
system. Nanoporous graphene is the proposed alternative to the present membranes used in the RO technology. A comparison of
the conventional RO membrane technology and the new innovative nanoporous graphene technology is given in this
presentation.

Il. REVERSE O0SMOSIS (RO) MEMBRANE TECHNOLOGY

Reverse osmosis is based on overcoming the natural phenomenon of osmotic pressure, which occurs when a semi-permeable
membrane separates two solutions with different concentrations of ions. The osmotic pressure created by the concentration
gradient drives the flow of water from the dilute solution to the concentrated solution, until chemical equilibrium is established.
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The flow of water can be reversed with the application of an external hydraulic force (pressure) if this force is greater than the
osmotic pressure. This phenomenon is called Reverse Osmosis.
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Fig. 1: Mechanism of Osmosis and Reverse Osmosis

A. The Process:

In the RO process, water from a pressurized saline solution is separated from the dissolved salts by flowing through a water-
permeable membrane. The permeate (the liquid flowing through the membrane) is encouraged to flow through the membrane by
the pressure differential created between the pressurized feedwater and the product water, which is at near-atmospheric pressure.
The remaining feedwater continues through the pressurized side of the reactor as brine. No heating or phase change takes place.
The major energy requirement is for the initial pressurization of the feedwater. For brackish water desalination the operating
pressures range from 250 to 400 psi, and for seawater desalination from 800 to 1000 psi.

In practice, the feedwater is pumped into a closed container, against the membrane, to pressurize it. As the product water
passes through the membrane, the remaining feedwater and brine solution becomes more and more concentrated. To reduce the
concentration of dissolved salts remaining, a portion of this concentrated feedwater-brine solution is withdrawn from the
container. Without this discharge, the concentration of dissolved salts in the feedwater would continue to increase, requiring
ever-increasing energy inputs to overcome the naturally increased osmotic pressure. A reverse osmosis system consists of four
major components/processes: (1) pretreatment, (2) pressurization, (3) membrane separation, and (4) post-treatment stabilization.
Figure 16 illustrates the basic components of a reverse osmosis system.
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Fig. 2: The general process of Seawater Desalination by Reverse Osmosis

1) Pretreatment:

The incoming feedwater is pretreated to be compatible with the membranes by removing suspended solids, adjusting the pH, and
adding a threshold inhibitor to control scaling caused by constituents such as calcium sulphate.

2) Pressurization:

The pump raises the pressure of the pretreated feedwater to an operating pressure appropriate for the membrane and the salinity
of the feedwater.

3) Separation:

The permeable membranes inhibit the passage of dissolved salts while permitting the desalinated product water to pass through.
Applying feedwater to the membrane assembly results in a freshwater product stream and a concentrated brine reject stream.
Because no membrane is perfect in its rejection of dissolved salts, a small percentage of salt passes through the membrane and
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remains in the product water. Reverse osmosis membranes come in a variety of configurations. Two of the most popular are
spiral wound and hollow fine fiber membranes. They are generally made of cellulose acetate, aromatic polyamides, or,
nowadays, thin film polymer composites.

RO membranes are designed to retain salts and low-molecular weight solutes while allowing water to pass through. The
original asymmetric cellulose acetate (CA) membranes, developed in the 1960s, were less permeable than modern thin-film
composite (TFC) membranes and required a higher driving pressure, in excess of 1200 pounds per square inch (psi) or 8.3
megapascals (MPa) for seawater at typical operating fluxes. Additionally, the ability of CA membranes to reject salts was
originally less than current materials.

Cellulose acetate membranes utilized an asymmetric structure while the TFC contained multiple layers made from different
materials. In the asymmetric configuration, the membrane consists of the same material throughout with a dense layer at the top
and porous layer beneath. In contrast, the TFC membrane consists of a thin but dense layer of one material over a porous support
consisting of a different material. Currently, there are a variety of modified and improved blends of CA membranes available to
the desalination industry, but these membranes are rarely used in large-scale desalination applications[3].

4) Stabilization:

This is also called the post treatment. The product water from the membrane assembly usually requires pH adjustment and
degasification before being transferred to the distribution system for use as drinking water. The product passes through an
aeration column in which the pH is elevated from a value of approximately 5 to a value close to 7. In many cases, this water is
discharged to a storage cistern for later use.

B. Disadvantages of the RO Process:

—  The feedwater usually needs to be pretreated to remove particulates (in order to prolong membrane life).

— There may be interruptions of service during stormy weather (which may increase particulate re-suspension and the
amount of suspended solids in the feedwater) for plants that use seawater.

— Operation of a RO plant requires a high quality standard for materials and equipment.

—  The design, construction and operation of plant needs expert supervision.

—  Brine must be carefully disposed of to avoid deleterious environmental impacts.

— There is a risk of bacterial contamination of the membranes; while bacteria are retained in the brine stream, bacterial
growth on the membrane itself can introduce tastes and odors into the product water.

— High feed pressures applied for RO applications damage membranes internally due to physical compaction of the
porous support membrane and hence irreversible, internal fouling remains a serious concern for RO membranes.

— Reverse Osmosis Desalination technologies have a high cost.

C. Characteristics Of An lIdeal RO Membranes:
The productive RO desalination membrane should offer simultaneously:
— high solute rejection so that maximum amount of salts are removed
—  water permeability
— chemical stability so that the membrane is not damaged due to chemical reaction with any salts
— good chlorine resistance
— high strength for prevention of damage due to high pressure

111.NANOPOROUS GRAPHENE: A COMPARISON WITH CONVENTIONAL MEMBRANES

Graphene is a two-dimensional one-atom-thick sheet of sp2-bonded carbon atoms packed in a honeycomb crystal lattice, which
has good chemical stability, excellent thermal conductance, good mechanical strength, and remarkable electronic properties.
Although pristine graphene is impermeable to gases, nanoporous graphene (NPG), a graphene sheet featuring nanopores, has
been proposed as a very promising size-selective separation membrane. Computational simulations and experiments suggest that
NPG can exhibit high permeance and selectivity exceeding those of existing state-of-the-art membranes by orders of magnitude.

Size-defined pores of the membrane allow smaller molecules to pass through and block larger molecules to provide it with
selectivity. Graphene is a naturally existing excellent starting material for developing membranes because of its atomic thickness,
superior mechanical strength, relative chemical inertness and impermeability to all standard gases. Nanopores were created in
micrometer-sized graphene membranes by ultraviolet-induced oxidative etching, and the resulting membranes can be used as
molecular sieves.

Existing commercial techniques for desalination suffer from large energy consumption and high costs. RO membrane
technology requires huge energy consumption for overcoming the osmotic pressure across the membranes. This ultimately
increases the cost of the project. Desalination by the use of nanoporous materials can overcome these problems. In contrast to
classical reverse osmosis (RO) membranes, nanoporous membranes allow water to flow across well-defined channels rapidly
without application of much pressure. Because the graphene is a thousand times thinner than the traditional membrane materials
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it requires far less force and therefore less energy to push the water molecules through it [6]. Chemically functionalized
nanoporous graphene membranes can serve as ionic sieves that selectively reject certain solvated ions. Grossman and colleagues
theoretically predicted that single-layer NPG can effectively separate NaCl from salty water [5]. This property can be exploited
to obtain excellent results for economical seawater desalination.

Fig. 3: Schematic showing desalination process by using NPG-based membrane.

V. CONCLUSION

The mechanical strength, selective permeability and excellent chemical inertness prove to be very useful in many applications.
The most important of these is seawater desalination through membrane technology. Nanometer-scale pores in single-layer
freestanding graphene can effectively filter NaCl salt from water. The water permeability of this material is several orders of
magnitude higher than conventional reverse osmosis membranes, and that nanoporous graphene may have a valuable role to play
for water purification. This will play a great role in meeting the freshwater needs of the world and is also important for
sustainable development of our water sources. Also this technology is new and hence there is a lot of scope for research and
development in this area.
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