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ABSTRACT

Seawater desalination by reverse osmosis generates two streams generates permeate stream of pure potable
water and retentate stream containing high salt concentration. This retentate stream contains high
concentration of NaCl as major component, which is either dispensed as landfill or sent to water stream used as
sink. This becomes waste of valuable resource, which can have undesirable effect on environment and soil. It
can be utilized as a feed in chemical processes for production of sodium carbonate. This high concentration
NaCl (~ 27 %) containing retentate can be useful feed option for soda ash industry which uses NaCl solution as
feed stream from either sea water having NaCl concentration of ~ 3.0 % or rock salt. Its application for
production of soda ash would lead to conservation of energy required for removal of water from feed seawater
or product concentration. It would in turn result in economical benefits. As an analysis such reuse can lead to

large economical benefits (to the extent of Rs. 91.00x10°) by use of retentate from 1000 lit/h seawater as feed.
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I. INTRODUCTION

Reverse osmosis can be applied for seawater desalination which removes dissolved salts and minerals, to
produce potable water suitable for human consumption [1]. The salt NaCl from seawater is potential byproduct
of desalination which can be utilized in further applications. The cost of desalinating seawater is generally
higher than alternatives (fresh water from rivers or groundwater, and water conservation), due to energy
requirements for desalination [2]. Such alternatives may not always be available or feasible, which makes
desalination as only reliable source, in the areas with scarcity of fresh water. According to Henthorne Lisa;
worldwide 15,988 desalination plants were in operation in June 2011 [3]. They produce 66.5 million cubic
meters of water per day which satisfies need of 300 million people. Still drinkable water is not available to a
large part of world population [3]. This makes seawater desalination as a major process these days.

Desalination can be carried out by two methods: 1) thermal processes or 2) membrane based processes. The
traditionally used thermal process is vacuum distillation. It can be advantages at places where excess heat is
available from other process e.g. heat from engine boilers in ships or submarines [4]. For regular application,
thermal processes are highly energy intensive and costly in absence of availability of excess heat from other

operations [4]. Other option is to use membrane based processes for seawater desalination. Reverse osmosis is
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one of the important technologies in the same [5]. They use semi-permeable membranes with pressure higher
than osmotic pressure to transport water across, retaining salts. . Reverse osmosis plant membrane systems
typically use less energy than thermal distillation, which has led to a reduction in overall desalination costs over
the past decade [6]. Desalination remains energy intensive, however, and future costs will continue to depend on
the price of both energy and improvements in desalination technology [6].

Though desalination by RO is popular and beneficial; there are hardly any reports on use or disposal of
retentate. It contains high concentration of salts e.g. calcium, magnesium, potassium, silica, sodium, sulphates,
etc. [7]. Though there are few reports of their utilization in preparation of pure brine solution, as food
preservatives but majorly they are used in tacking out salts for landfills or disposed in streams used as sink [8].
This disposal or landfill would lead to pollution of soil and ground water contamination. To minimize the
pollution and ground water contamination issues requires disposal in form of solid salt by pretreatment for
removal of water using process like distillation, evaporation, multieffect reboiler, etc. This requires high amount
energy and affects process economy. If this retentate is used in further processes like production of chemicals, it
would reduce environmental issues along with positive impact on industrial economy.

Retentate from seawater desalination by RO contains high amount of salt (viz. sodium chloride, NaCl). It can be
used as feed for different industries e.g. chlor-alkali industry, sodium bicarbonate, soda ash industry, food
industry, medicine & agriculture, etc. [9]. These industries use sea water as feed or NaCl from rock salt [10].
Use of desalination retentate as feed for these industries would reduce of energy costs and lead to economical
benefits.

Presently there are rarely any reports on use of desalination RO retentate in chemical industries and their
economical befits, as per best of our knowledge. Though purification of sodium chloride and potassium chloride
for application in electrochemical work is reported [11], applicability in large scale chemical production is
neglected uptill now. Hence we thought to explore this area. In this work, we have explored possibility of using

retentate stream as a feed in the production of soda ash and analyzed its economical aspects.
I1. MATERIALS AND METHODOLOGY

2.1 Materials

Approximately 97 % of world water reservoirs are made up of sea-water [1]. They are salty with ~ 3.5 %
salinity [12]. It contains sodium (Na+) and chloride (Cl-) ions as major components with upto 3 %
concentration along with other salts viz., Ca**, Mg*™, K*, Fe** at concentrations of 0.41, 1.28, 0.40 and 0.4 %,

respectively. It also poses some other negligible concentrations.

2.2 Desalination by Reverse Osmosis (RO)

Desalination is used to remove salts from seawater making it suitable for desired application. RO is one of the
important desalination methods, which fractionates seawater into permeate potable water and retentate
containing major part of salts (e.g. NaCl) [13]. The RO membranes have minimum 90 % retention (viz., NaCl),
normally. Considering fractionation of water 90 % permeate [14], remaining quantity as retentate posses NaCl
with 27 % concentration. It also contains large quantities of other (viz., Ca**, and Mg™) salts as summarized in
Table 1.
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NaCl is used as feed for industrial production of soda ash, in the form of 300 — 315 g/lit concentration brine

solution. Conventional sources for NaCl are rock salt and sea water. Their details about available concentrations

and impurities are listed in Table 1. Retentate from seawater desalination by RO can be another source for NaCl,

which contains NaCl as major component with concentration 27%. Other components and their concentrations

are given in Table 1.

Table 1. Nacl Sources, Their Compositions and Steps Needed For Application As Feed In
Sodium Carbonate Production [7, 15, And 16]

NaCl Source Composition Processing for use as feed in soda ash industry
Components | Concentration
(gm/kg)
Feed brine Purification needed
composition for NaCl 300315 Product needs to be concentrated post generation
soda ash
Direct use of | Na* 10.8 Purification
seawater K* 0.40 Energy required for water evaporation to obtain
Mg 1.28 brine concentration
Ca™ 0.41 To remove impurities brine needs purification
Cr 194 Required chemicals for precipitation
Rock salt NaCl 900-970 Cost of rock salt
Mg*™* 0.01 Make solution salt plus water for conventional
Ca™ 0.02 concentration
e 50 Needs Purification
RO retantate ClI 388+04 Need purification
use as feed Na* 20.8+0.3
Mg™ 2.64+0.2
Ca™ 0.83 0.04

I11. RESULT AND DISCUSSION

3.1. Desalination of sea water by RO
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Fig. 1. Schematic Representation of Application of RO Retentate from Desalination Process
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Desalination is used to separate salt content from seawater to desired level. RO is one of the prominent
desalination technology, which uses semi-permeable membranes which allow selective passage of solvent
(water) under influence of external pressure higher than osmotic pressure of solution [17]. This fractionates
solution into pure solvent as permeate and major part of salts from feed solution is present in retentate [17].
Seawater desalination permeate is potable water with less than 500 mg dissolved solids [18]; suitable for most
domestic, industrial, and agricultural uses. Its retentate contains major salts from feed seawater at very high
concentrations. Practically, it can be said to be concentrated salt brine containing more than 35,000 mg
dissolved solids with NaCl as major component [19]. During seawater desalination by RO purification takes
place without phase change, which is a major advantage as compare to thermal process [20]. Due to This
separation without phase change, it requires low energy and maintenance costs are less compared to
conventional thermal processes [20]. This is addition to conventional benefits of membranes process such as,
ease of operation, lowering operational and maintenance costs and environmental friendly nature. This benefit
makes desalination by RO, an attractive option over thermal processes these days.

Seawater desalination by RO has many attractive features, with only major issue of disposal or utilization of
high salt containing retentate. This area is largely neglected up till now. Permeate forms major section (~90 %)
of solute-water from feed seawater to RO system, while retentate consists of remaining ~10 % of water, with >
90 % of salt and other impurities [14]. Generally, feed seawater posses ~3.5 % salinity, having NaCl as a major
component with concentration upto 3 % [15]. This leads to formation of retentate with NaCl as major
component with concentration upto 27 %; along with other components whose concentrations are given in Table
1.

3.2 Disposal of RO Retentate

Disposal of retaining containing high concentrations of salt is major issue. Currently one of the major methods
is its release into water bodies used as sink [21]. Such disposal of salt containing streams into deep seas requires
large pumping costs. Additionally, sudden change in salt concentration near disposal area caused from this
disposal could adversely affect marine life. Another method can be disposal as a landfill [21]. Such disposal of
salt solution can lead to seepage of salt containing water through the soil and contaminate of ground water. This
would affect soil quality around the disposal ponds. Hence it is necessary to evaporate water and dispose salts in
solid forms. Such solid disposal requires removal of water by evaporation to concentrate the solution. It would
require high amount of energy, in turn large fuel costs.

The retentate solution can be concentrated to a level (~ 96 %) where it can be disposed without possibility of
water seepage through soil. Consider 1000 lit/hr of seawater with 3.5 % salinity as feed to RO unit, which
fractionates to produce 900 lit/hr potable water and 100 lit/hr retentate. For the RO membrane minimum NaCl
retention is 90 %, while other salt and organic molecules are being larger in size assumed to be retained
completely [13]. This would give us permeate stream with potable water and retentate stream containing salts
having NaCl as major component of 27 % concentration. For disposal of this high concentration stream as
landfill, major component of water from this retentate needs to be removed by considering increase in NaCl
concentration upto 96 %. Thus evaporator is used to evaporate water and remaining salts as bottom product.
During evaporation of water, the heat capacity of solution would change due to presence of NaCl. Considering

all these factors annual total energy requirement can be calculated as described earlier [22].
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Thus considering 1000 lit/hr seawater as feed, RO retentate volume would be 100 lit/hr. For 300 days/annum
plant operation heat required for evaporation of water from RO retentate before its disposal would be ~59.00 x
10* kJ. If this heat is provided by direct fire tube boiler having efficiency of 80 %, amount of black coal required
would be 95 x 10° kJ/ton. As per Indian market the cost of this coal is Rs. 150/ton. Thus an estimated amount of
Rs.73. x 10° would be required per annum for disposal of salts from desalination of 1000 lit/hr seawater as feed.

This is a large cost requirement.

3.3RO Retentate Utilization

Sea water is common available material, which cover more than 97 % of the Earth's surface [1]. In the Reverse
Osmosis unit salt water is pumped to make it potable water as shown in Fig. 1. The salinity of sea water is due
to variety of dissolved ionic compounds. Major components present are sodium (Na*) ions and chloride (CI)
ions. Also a significant amounts of magnesium (Mg?"), calcium (Ca®"), potassium (K*), sulfate (SO,*) and
hydrogen carbonate (HCO3") ions are present [16]. Their concentrations in seawater are shown in Table 1 [15].
Upon passing through RO membranes this seawater is fractionated into permeate and retentate solution. This
retentate contains high concentrations of sodium chloride. Concentrations of calcium, magnesium and potassium
salts are low (Table 1). Conventional method of solid disposal of these salts requires large amount of energy, in
turn fuel cost as discussed in Section 3.2. Additionally, this disposal of retentate would be loss of valuable
resource. This high concentration saline solution can be used for different applications such as a feed for the
production of chemicals, which uses NaCl as feedstock.

Production of sodium carbonate is one of such industry where NaCl is used as starting material [23]. We thought
to investigate economical impact for use of RO retentate as feed for Na,COj3; production. Na,COs; is considered
in this investigation for possible use on RO retentate during production due its large applications in various
industries like manufacture of glass, electrolyte, water softener in laundering, etc. Sodium carbonate is a food
additive used as an acidity regulator, anti-caking agent, raising agent, and stabilize; also used by the brick
industry as a wetting agent to reduce the amount of water [24].

3.4 Present Feed Conditions in Soda Ash (Na,COs) Industry

Currently, Na,COj industry uses NaCl in the form of purified brine solution with 300 - 315 g/lit concentration as
feed solution for Solvay process. It uses NH; which dissolved in an NaCl solution and reacted with CO,. A
precipitate of NaHCOj3; was obtained which could be calcined to produce high purity Na,CO; Saturated salt
brine is purified in series of wash towers with NH3 and then with CO, to remove Ca, Mg, and Fe as sludge [24].
Thus RO retentate reduce burden over all this NH; and CO, towers.

Seawater is one of the important and abundantly available source of NaCl. It has low salinity of 3.5 % and just ~
3 % of NaCl is present with other impurities like magnesium, potassium, calcium etc. (Table 1). It requires
major purification for removal of calcium and magnesium salts. Additionally it requires concentration of
solution to obtain NaCl concentration in the desired range of 3 to 35 %, which can be used as brine solution for
Na,COj; production [24]. This requires evaporation of water, in turn requires large quantities of energy (~ 24.00
x 10° kJ/hr) and fuel costs (Rs. 94.00x10° /annually) (calculated). Additionally it requires additional costing for
purification of brine for precipitation of Ca™ and Mg*™. This precipitation of NaHCOj3 requires chemicals like

lime; which adds costs to the order of 26.00 x 10° Rs. /annum of feed solutions.
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Another source of NaCl is rock salt. The availability rock salt is low. It is available in the regions of Africa,
Bulgaria, Canada, US, Italy, Pakistan, Germany etc. It contains almost 90-98% of NaCl with negligible
quantities of calcium, magnesium and potassium (Table 1). It needs to be dissolved in water to form brine
solution. Though impurities are present very negligibly still they need purification for better production of

chemicals, which adds costs of brine solution (Rs. 62.00 x 10°/annually) (calculated).

3.5 Benefits from Application of RO Retentate

RO retentate from seawater desalination can provide major economical benefits in production of soda ash. This
RO retentate can be successfully used as feed in Na,COs industry compared to seawater and rock salt. RO
retentate has the higher concentration of NaCl. NaCl concentration is almost 27 % (calculated). It needs
evaporation of water to increase its concentration, but it is very less compared to energy required to increase
concentration of seawater to required NaCl concentration of 300 - 315 g/lit.

Successful implementation of such combined process would lead to utilization of stream which currently treated
as waste, for preparation of useful products in an economical way. Additionally, the combined operation would
eliminate costs required for disposal of salts from RO retentate. This can be a source of large economical
benefits in soda-ash production. Thus overall utilization of this retentate would best option for industries to use
it for further process like manufacturing of chemicals. Also it minimizes the environmental issues like effect on
marine aquatic life possible due variation in salts concentration by disposal of RO retentate, and soil and ground
water quality degradation due to disposal of salts in solid form.

V. CONCLUSION

Though seawater desalination by using RO is very beneficial technique for produce potable water, it has issues
with generation of large quantities of retentate solution with high concentration of salts. Conventionally methods
of disposal of RO retentate lead to large losses of important feedstock and harm to environment. The use of
retentate in Na,CO; production leads to large economical benefits. Use of RO retentate from 1000 lit/hr
seawater desalination as a feed in Na,CO; production can provide benefits worth 91.6 x 10°® Rs/annum
(calculated) as compared to use of direct seawater as feed. Though soda ash preparation process has excess
energy available from other operations they can be utilized for applications like production of cheap electricity
On the other hand it provides benefits worth 38.00 x 10° Rs/annum (calculated) compared to use of rock salt as
feed. This is in addition to elimination of energy costs 73.74 x 10° Rs/annum (calculated) required for water
evaporation during solid disposal of salts from RO retentate. Such economical and environmental benefits make

use of RO retentate in further processes an attractive option.
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