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1. Introduction

Need for urban water supply in many parts of the world has become a crisis. The need for affordable inland
desalination has become critical in many regions of the world where communities strive to meet rapidly growing
water demands with limited freshwater supplies [1].

Among various desalination technologies, reverse osmosis (RO) membranes currently have wide acceptance [2].

In ZLD, concentrated water is treated to produce desalinated water and essentially dry salts. Consequently, there
is no discharge of liquid waste from the process [3]. There are a variety of process options that can be considered for
the intermediate concentrate step including adsorption processes, chemical precipitation, and ion exchange, or even
combinations of these processes [4]. Water that passes through the membrane is recovered as product water. As
recovery of product water in RO is pushed to its sustainable limit, water on the feed side of the membrane becomes
increasingly concentrated and supersaturated, with respect to sparingly soluble salts such as calcium carbonate
(CaCO3), calcium sulfate (CaSO4), barium sulfate (BaSO4), and silica (SiO2) [5, 6, 7]. If the feed solution becomes
sufficiently supersaturated, these salts precipitate and form deposits on the membrane surface. Deposition of these
inorganic precipitates on the membrane surface, referred to as scaling, reduces the permeability of the membrane [8,
9]. Therefore, recovery in RO systems is limited by the precipitation potential of sparingly soluble salts [10].

2. Methodology

This research was conducted on samples collected from RO system effluent in special economic zone of Bandar
Abbas in Persian Gulf, Iran. Samples were collected in 10-L plastic containers. Salts that produce hardness in
effluent were Ca (HCO3),, CaSO, and MgSO,. Silica and calcium were critical in effluent and concentration of
barium was negligible. Bench-scale testing was conducted to evaluate and compare different alternative for
precipitation and removal of this critical elements. At the end of bench-scale testing, the best process for removal
critical elements was selected. In bench scale chemical precipitation with sodium hydroxide or lime and fluidized
bed crystallization was used for Ca removal. Adsorption with alum and sodium aluminate was utilized for silica
removal. Of course, some experiments conducted as combination of different processes.

3. Results and discussion
3.1. Precipitation with alum and NaOH

The best efficiency of alum and NaOH concentrations were 600 mg/L The reduction values of calcium,
magnesium, silicon, barium and hardness in alum precipitation relative to wastewater reverse osmosis were 58.0,
70.8, 42.0, 39.2 and 80.0 respectively, and in NaOH precipitation were 60.7, 74.2, 34.0, 39.2 and 76.8%.
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3.2. Precipitation with lime

The concentrations of calcium, magnesium, silicon, barium and hardness in optimal condition (600 mg/L lime
concentration) were reduced 65.0, 69.3, 39.8, 32.0 and 83.8 percent, respectively. The reduction of silicon in water
was due to hydroxyl agent addition to water.

3.3. Adsorption experiments with activated alumina

3.3.1. Adsorption experiments with activated alumina without adding coagulant

The minimum values of silicon, barium, Mg and Ca has been achieved in 45 minutes contact time and the 5 g/L
activated alumina concentration. The concentrations of silicon, arium, calcium, magnesium and total hardness were
reduced 78.1, 32.0, 59.9, 71.5 and 77.8 percent, respectively, due to absorption.

3.3.2. Adsorption experiments with activated alumina with addition of coagulant

Optimal alum and activated alumina concentrations were 100 mg/L and 1 g/L, respectively.with a contact time
of 45 minutes. In this test silicon, barium, calcium, magnesium and total hardness were decreased 78.1, 52.0, 76.8,
84.1 and 87.3 percent, respectively. Therefore, coagulant was important role in reducing barium, calcium,
magnesium and total hardness.

4. Conclusions

In general, among the various processes of ZLD, fluidized bed crystallization with alum (100 mg/L) and
activated alumina (1 g/L) were optimum processes which reduction of Ca, Mg, total hardness, silica and barium
were 76.75, 84.14, 87.26, 78.12 and 52.0%, respectively. Reduction of silicon in all tests was significant in 5% level
of probability relative to each other and to the raw wastewater, except the fluidized bed crystallization with activated
alumina crystalline and non-coagulant that was insignificant relative to each other. Reduction of barium in all tests
was significant in 5% level of probability relative to the raw wastewater. Therefore, hazardous factors such as
silicon and barium were reduced considerably by this method, so that we can take this wastewater back into the
reverse 0smosis system without any problem.
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